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ABSTRACT . ' * 

This paper describes seven 'interrelated' studies 
cpncerned with children's understanding of sequential actions and 
with' the effects of pbserying a model on this understanding* A total 
of 546 elementary and secondary * school students served as subjects 
fojtr, the studies. The tasks for all of the studies involved deriving ■ 
.the pattern for a -sequence from r a,. given sample so a.p to be able to . • 
generate^ continuation of*that sequence* m Materials for the sequences 
consisted of geofoejtric stapes and cblor3 arranged according to rules 
for patterns of varying coa^letity. Performance was scored on t;he 
basis of the product completed and the strategy 'used to go about the • 
task* Results indicated that observation of a ao4el had the greatest 
iap'act on children who had a beginning understanding of*the 
sequential patterns but who w£re not yet able Vo handle thei 
competently on their own* Results are discussed in relatiqn to the 
xoli of imitation and ik relation .to the role whi^h specific 
contextual variables such a£ task" design and actie of testing play in 
cognitive *f unc-tioning. ( Author/B*D) • . 
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Abstract' 4 



v Seven Interrelated studies concerned wftk dhijdren's understanding of the 
0-gani2atlon of secfuentlalvactlo^arTd^with.the effects r of observing a model on this 
understanding are described. A total of 546 children of etementary school.age served 
ds subjects. The tqsks involved deriving the pattern for a sequence from a given sanple 
$o Qi to be able to genercite a continuation of the sequence. The sequences were made 
from pieces of several' geometric shapes and colors and enfcailetf rules from simple alter- 
nation to a complex coordination of repetftion, rotation, etc, The performance wa> 
Scored In terms of the p^duct Jonstructed and the strategy used In going about the task, i 
It was found that observation of a n^odel had the greatest Impact on children who had 
a beginning understanding of the sequential patterns but, were not.yet able to handle 
them competently on their o*n. Evidence wai obtained for better performance with ' ^ 
other kinds oj cpntextjjal supports as w^jl: recognition of appropriate continuations * 
, was better than construction and merao-y for specific sequences wa> better than generation 
of new exemplifications of .those sequences. The results q-e discussed in reiaMon to'tiie 
role of Imitation ancf of Contextual va-iables ip cognitive funbtioning. 
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In the post two decodes,, o chonge seen^s t$ hove token ploce In th^ boslc 
ossumptlons concerning Rumon noture thot underlie^thlnkfng end reseorch^/lthln , 
American psychology^ While no single Inclusive theory prevoll^, some of the generoj 
^ossumptldbs are clear: mon Is seqn os octlve,> hi? behavior os organized, his cognitive- 
, symbolic copoclty os centrol to his speclficollyjiomon activities. This chonge is strongly 
evident In the field of cblld psychology, spurred no doubt by the Influence of Ploget's 
work, the Impoct of developmental psychallnguistics, oVicJ the appficotlon of notlofts 
from Information theory to the oaolysis of children's learning* The investigation to be 
described In this report Is congruent with this new orientation ond sfems from on Interest, 
In children's leorffing in naturalistic settings, Jn^such Settings, children often observe 
the activities of others In oil their complexity, yet theynelther copy those octlvities 
whole nor poss untpughed by them; they select certain aspects of observed activities ond 
Incorporate them into their own patterns of action. The present research wos undertaken 
tp Investigate how children with different cognitive copocjties use o model to modify 
their own gool-dlretted octlons. . • \ . * 



The three Interlinked Issues suggested by this formulation of the problem - the 
Influence of o model on children ! s octioris, the influence of cognitive level on the use 
mode of o model, and the sequentlohorgonlzation of children's octlons - eoch yields o 
spmewhot seporote body of literature. The highlights of the literature on each of these 
topics will be briefly reviewed to provide o generol background for the present Investiga- 
tion ♦ ' • m m ' 

Imitation » Recertfly, there lias been considerable Interest In the phenomenon • 
pf Irpltotlon* The impetus forytiuch of the research comV from* social learning iheory 
(Bandura ond Walters, 1963), wherein Imitation or "observational leornlng'Swd^ proposed 
to account for the rapid acquisition of o multitude of new behaviors. However, other 
concerns hove olso contributed to. the literature on Imitation. Concern wlfth equilibration 
as a theoretical mechanism In develppmefit led to* studies In which models varying along 
o developmental progression were presented to children for observation (e,g., Kuhn, 197£; 
Tjjrjjsl, 1969). Imitation has olsb'been usedos a technJqtfe for Investigating the linguistic 
copdcttles Qf young children .(e.g 4 , Blonk ond Frank, ,1971; Froser, Bellugl and Brown, 
1963). As the topic of tmitotiqn goined prominence, studies of incidental learning, soctol, 
focilitotion, ond rale-taking come to be seen os port of the some literature. 

, v,, 

* Subsequent to the classic work of Miller and Dollord (194l)Iri which they drew 
distinctions. between several different types of events labeled triiitoHon (force behoylof, , 
matched-dependent behavior, jind copying), much of the recent empirical Work has b4en 
directed at documenting the variety of behaviors v<hich ore subject to model Influences; 
these Include ogfesslon,* altruism, phobic reactions, self-reword behavior, deIoy~oF 
gratification, cognitive styles, preference choices, ond probHUh-solvlfig strategies (for 
o rS\rtew see Flanders, 1968). Equally numerous studies have explored factors which 
offect chlldrefrls Imitation of modeled b§havrq£s/ such os characteristics of the model. t 
(pewer, nlirturonce,^ competence, sex) o^e), .reinforcementxontingencies (reinfprcement 
delivered to the subject or reinforcement delivered to the model ond observed by the 
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• subject), dftd the' medium through which the model Is presented (live, Film,, verbally). 
Theoretically-oriented attempts to integrate these' numerous findings and to conceptualize 
the process jof Imitation has brought forth some differences between theorists. „ • t 

Gefwlrtz (1971; Gewirtzand Stlngle, 1968) has acgued that Imitation -can be . 

^concep>uatlzed as a special -case of instrumental learning, .The' first Imitative responses 
'may occ6r by chance' and become. strengthened by dir-ect reinforcement, probably an an 
Intermittent basis. Qnce several Imitative responses become established In this manner, 
they^fdrma class of diverse, but functionally equivalent behaviors, 'giving rise to gen- 
eralized Imitation relatively independent of specific reinforcement. A related view Is- 
held by Baer and his associates (1967), who stress the importance of the model both qs • 
a discriminative stimulus for imitation and as a conditioned relnforcer,, based on the 

'qualtty of behavioral similarity between model and observer wKich had been originally' 
reinforced. This approach posits a period in vyhjch tfie generaJ capacity for Imjtatlpn is 
acquired, but the phenomenon of imitation Is subsumed under already we 1 1 -established 1 
prlhclplesof Instrumental lea/ning, in .a sense doing'away with the whole topic. 

Oh the other hand, both Af on freed (1969) and Bandura (1969; 1971) have tended 
to emphasize a ceatral, cognitive component to imitation, differentiating Imitation from 
more traditional {earning processes. • Aronfreejl has argued thqt the term imitation be'^ 
limited to those instances where the internal structural features-oT observed behavior serve 
. ds d model for the topography of the observer's qW behavior. He has "postulated, that 
observation of a model's behavior results in the formation of a-cognitive template, which 
SeVves as an Internal representation of the model, prodded that a- change \A affectlvity 
Is Induced In the observer during the observation, which ffien becomes coupled to the 
tempjate, A number of Imitation studies demonstrating the Influence of model character- 
istics or reinforcement variables have beer? reinterpreted by~Aron freed to' show the* 
, Importance of a change In affectlvity^ The important feature of Aronfreed's view Is, 
However, his distinction between surface fidelity of one behavior to another and structural 
correspondence even syithbut fidelity In detail, the latter bei,ng definitive for imitation. 

Similarly, Bandura (particularly 1971) has emphasized "a representational guidance 
System For mahchinrg behavior Which cdn be established without overt responding" (1971, 
' .P* 25). ^e" isolates^attentional processes, refentional processes, motor^reprodUction v . 
processes, and motivational processes in thfe sequence from a modeled ^vent to an imitative 
performance. He goes on to specify that n ln the social learning view, modeling stimuli 
serve more as sources of information than as automatic conditioners;, observers often perform 
operations on modeling Inputs So that transformational and organizational processes are , 1 
Involved as well as ass^fblational ones; less structural correspondence is assumed between 
memory codes and the original modeled patterns; ^verbal representation is assigned a * 
greater response guidance "function; and remforcemervK^ is treated w . as a factor %it 
can factjtfate observational learning" (1971, p. 2£)/ Vyhile tfiis formulation clearly * '[ 
separates the process of Imitation from more traditional learning, it deprives tta notion of 
distinctiveness- by merging it%1th perception, representation arid memory. An fact, Bandura 

* posits four modeling ejects: (1) inhibitory effects, produced when the model's behavior 
Is observed to lead to punishing consequencesf (2) dlslrihibltory effects, produced when 
models are observed to engqg^ in threate^ing^rprobibrited activities' wi thou /adverse * 
consequences; (3) resporrse facilitation effects, produced when others are'observed to ~ 

r ! • • * i ■ • 

* v . y _ i. • v / 



• • * • • ■ . * - < 3 . 

- engage lit the performance of pre-existing responses of a general type; and (4) observa- 

• Mondf learning effects.. Observational learning is thought to entdll the organization of 

* avalFbbJe response components into'new forms of patterned behavior. Bandura stresses that 

* most flew complex responses are composed of common behavioral elements, dhd /hug, such 
recombination qualifies as new response acquisition The capacity for observc^tdnal N 
learning ts presumably inhererit to man arfd any/change In Imitation of mpdels.wlth Vage ' * 
w<n*ld have to be accounted for by rpeans o*f othjer processes (attentjonal, retfentipnaf,,. 



etc A entering into the imitation situation*. 

^few studies ||iave examined children's, age as\f variable in observational learning 
r (Hartup and Coated, 1970).- Mosf studies have u$6tf preschbal chfldren as subjects and 
treated them as a single age group. A few have sought age differences, but found none 
(e»g.^ tjetherington, 1965). However, age* as an Indicator of*level of development has been* 
much more salient far Investigators, conce/nfcd with the match between the pognltlve demands 
tff the activity modeled and the cognitive .capacity of the observer. * * 

jg # 

In eonfcldslon, the empirical' studies on imitation demonstrate tlridt models Influence 
tke subsequent actions of observers fn a variety of situations; due to the theoretical , 
. framework 1 within which these'Btudles have been conducted, they do not address a nurpbep 
of parameters of the imitation situation. First, since the model's actions are conceptualized • 
_tn tei;ms of "responses 11 , the frequency of-all or Individual target respohses of the model 
shdwn by the observer is recorded, but no attempt Is made to examine the sequencing, 
.regularity, repetition,, etc. of those responses* In short, It'Is n6t considered that the obsJ^Ver 
may see, In" the model's behavior on ^Integrated action rather thah a series of Isolated 
responses. The Imitation of non ^target ;Wponses is also ignored. Second*, slrjce ability to 
Imitate Is assumed to be Inherently present (Bandura) or firmly established by preschool age 
for normal children, differences In imitation with development have not been systematically 
studied. Third, the process of attaining a match'In overt behavior has not been empirically 
1 Investigated , ' , ' ; 

/ Cognitive Match. Investigators, inclined to emphasize cognitive .and. structural 

factors In development have not/been much concerned with the phenomenon of Imitation ♦ * 
They have mostly used modeling as a techniqul to demonstrate the limited Import rather 
than the pervasiveness of observation effects, Storting With Piaget (1951), who recognised 
In Imitative phenomena the acgommodatory pofe of adaptation, they have emphasized the 
cognitive structures jsf* the observer (rather than the objective features of the model) as 
prftnary In determining the Impact of the observation. In hij works, Piaget *hq$ remarked . 
Ih several places that demonstrating a solution does not lead to its adoption by the child . 
Until the child Is .ahJje to generate the solution himself through the development of his 
own reasoning. This stance has been most\lirectly exarfiined by investigators attempting 
to shift the level of children's functioning. * . 

. * In a study of the development of moral thinking in c|iildrerf, Turlel (1969) reasoned 
tKat If progress involved a restructuring in the level of thinking, -exposure to reasoning at ^ 
one stage aboy& that of the child's shoufd have greater,, Itnpact than. exposure to reasoning 

,'one*stage below or several stages above .* Tunel's findings general fy confirmed^ his ex- . 
^ectatlons, more strongly for situations which w$re used in th'e^ modeling than fQr new 

j situations. A similar design wcfs followed by Kuhtv(l972) i She pretested children on a. 
classification task and then had them observe an aclult perform the classification 'task qt a 
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level one stage below, one stbge above,, or two staggs above that af the child. The 
effect of observation wps assessed immediately agd at' a later post-fest. The results were 
n6.t completely clear-cut, but morp pervasive change was Induced by models demonstrating , 
a more advanced classification performance than'the child's, supporting the hypothesis of* 
hierarchical development. Taken together, these studies lend support teethe attribution 
of d significant rote to the observer's, cognitive level In determining the lmpact 5 of a 
particular demonstration. Imltatibn research from a cognitive perspective has been 
' reviewed by Kuhn*( 1973). . , ( " v 

• ' In contrast to these findings stand reports of apparent success in changing the level 
of performance ifi cognitive tasks by means of modeling from investigators who do rfot share . 
the developmental perspective^ For example, Bandura and McDonald (1963) have claimed 
to have shifted the level of moral thinking to mpre advanced or less advanced when compared 
tp the pre-test depending on the level modeled. Similarly, Sullivan (1969) hasjnduced 
conserving. responses in children by' exposure to conserving models* Methodological diffi- 
culties prohibit an -unequivocal interpretation of the changed responding of the subjects lj| 
both these studies,, but further exploraTion of the conditions under which modeling may be r 
on effective training technique seems to be desirable ♦ 

A study that clearly demonstrates the importance of the cognttive requirements of 
a task for Imitation was reported by Wapner arid Cirillo' (1968) . Their subjects, ranging, 
tn age from 8 to 18 were required to Imitate the hand movements.of a model. These 
movements ,coyld be carried out With either the left or the right hand fo either the right 
or the left side otjhe body. The results indicated thbt understpndfnc) of left—right- relations 
wtts negessdry for correct imitation, which consequently increased with^age^ bbt was not 
required for Inexact Imitation, which was found not to be age telatecL. >£bbj^0dy aJso 
points out the Importance of lobklngseparately^ at different aspects of fhe mbd^l/s behavior. 

■ In conclusion, It appears that severahproblemr merit further' exploration , First, the 
relationship between the costive capacities of the observer and I he cognitive require- 
ments of the modeled task nlR) .to before systematically studied. The* experimental tasks* 
may have to' be less purfejy cognitive In order to permit the child to constfuct and reproduce* 
the mo.deled activity Indifferent modes, hot only In different degrees ct[ similarity to the 
model* Second, it, may not be reasonable to assume thafa single modeling episode would 
-reveal *the full Impact that observation of the activities of others can have. Unless 
representations are literal ly taken to be "templates 11 , observation and performance may *, 
have to alternate several times before the impact of the observations is revealed. I 

$ J" , , , , * - • . ■ ■ ' ■ 

Se quential Organi zation of.Actions*. Ths-^robl'em of the' sequenticfl organization 

of behavior is addressed most clea*Jy in studies of serial verbal learning and of-motor 

skill pcquisltlon. The- literature In both these^areds is jenormous', particula-lyjf not 

limited to studies uslng^children as subjects; *only a few. illustrative papers will^bs 

mentioned in order, to highlight some Issues pertinent to the present. research . 

Highly competent motor performances as well q$ the productive use of language , 
make It clear that associative ot chaining theories cannot account for the organization 
and flexibility', of *uch behavior. Lashjey's (1951) classical paper emphasised that the 
essence ofi'th* problem 6f serial order in behavior " revolve^ around the Implication of - . 



a generalized pattern or schema of action, which determines the sequence of specific 
• acts, acts which in themsejves seen? to have notetopbral valenc.e, Psychology has 
, periodically returnedvto this pVoblem, 

One thread of s^Sfrch evident in many studies pertains fo the relationship bat-ween 
m component units and the sequential task as a whole. Investigators appear to be divided on 
whether the component units are perfected within the overall schemd of the task or whether 
*hey are first perfected as individual units and. then be come" available for inclusion in a 
generalized action schema. Bruner and his associates (1968a, 1968b; 1970) have studied 
the development of skilled actions such as voluntary sucking, reaching, and grasping,, 
coordinated use of both hands, and detour retaching in young infants. He ha? conceptual^ 
Ized skill development as a series of qualitotive'steps,* with cpnsolidatlon at £ne stet>X*^^ 
permitting d new program of action to be .adopted, whi<chJn tgrn has to ^consolidated. * 
M Tjie beginning of ski Mis diffjJuseJy organized^tjwkwardness guided by a smalFMim^er of 
directional specifications 11 (1968a, p, 253). Bruner calls the process of" cpnsolidatlon 
1 11 modularization h , since he ; thinks that only modularized actions can.bptome Incorporated 
Into new) more inclusive, and more complex serial patterns. Prior tp ywdularizatlon, an 
act takes up all the attention" available^ hindering aiming at a more distant goal . .Once 
attention Is freed, a new' progr<5to,of action ma/ emerge In one of three ways: .'(1) by 
repetition, so that the modularized' act becomes a sub-routine In an extended repetitive" 
sequence; (2^ by integration, so that a more remote goal takes control* of the modularized 
act; or (3)' by elaboration, involving a breaking-up into more restricted componenfs/and 
fhep a regrouping of therrt^-lato a'Tiodified pattern, Bruner suggests that the components 0 
are always perfected within a mo're general pattern of action^ and implies that they are ! 
hlerprchically arranged wFth substitution" rules and funosJ^raHy eqjivalent variations within 
the general goal-directed framework to assure flexibility and. generativttv ♦ . / 
... • 
On the other hand, investigators comijig to the problem from more trad]-" 
Monal theoretical perspectfves.(e .g> , Kay; 1970) hove emphasized the Jearntng of 
probabilities, between components of a sequential action » pnce the information food* 
Is reduced as <r;esultt>f increased predictability, fluency and efficiency-characteristic \ 
of skilled performance becomes possrble. There i's not a great deal of empir.ical evidepc^} 
on 'this Issue, <lnce most" studies have not mowored children's pefformances in (enough 
detail to permit" analysis of the execution of sub-routtn^s within a sequential act. The . 
most frequent measures used have included latency, total time of execution, and error 
scores ♦ A^l these measures decljne with practice , and time of. execution seems to 
decline with pge (Connolly, 1$70), but the lack of information for a variety pf tasks 
, prohibits firm conclusions. , . ' ■ * 

. m - \ • . *' 7 * * / 

^ The notion of. ^schema 11 , M plan M , M progra-n ,tS >of "image 11 ,, hpwever named, \ 

Is cefttral to all non-chaining views of sequential performance fo* point to the atemppral 
quality of the ditectedness-gan&rating^eclianism. ftha* to be seen*a> the source of.the 
qjblitative differences irt the general approaches adopted in the course of skill acquisition 
or With development. Some studies suggest tbaf verbal syrnbols may be intimately ; 
involved in this function; however, the evidence on the importance df visugj. feedback . 
for varioys motor performances implies that response images may ak6%e involved, , • 
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Furthermore, the similarity of*this problem to the problem of the "template" 
tn l/nltatton,' 'and particularly delayed rmltbtlonmust be polhted ouK 'In so far as imitation 
Is 1 ttauc^ht to lead to acquisition of new patterns of actte^ rather than to single -response 0 *, 
formation of a program for action thrdugb obse'rvattan must be thought possible. This . 
^ Implies that an observer mus/'be able to abstract from the actions olfangther the plan 
gufdtng those actions a* well a? to use It to guide his own actions during reproduction. 
One study In the sphere of verbal behavior (Rosenthal, jZlmmerman and Durnlng, 19^0) 
'has specifically compared the effect of a model's example. oft question-asking by children 
In terms of the Amount of expct mimicry versus Imitation of-questlon type, While a strong 
model effect was found, there was Itttle exact mimicry, sOggesting acquisition of a general 
" rule . v * < • 

• ' - . •. • • "\ . • 

A great.dgal of recent work In skill acquisition fends to view the Individual as an 
. "In formation -processor 11 , self-regulating servo-mechanism The task to be mastered Is 
thought to present inputs whtfcti need to be, perceived, processed, qnd converted Into ' 
output actions, which then become part of the Information Inpu+ to be processed, Efficiency 
* \t) performing a tosk js thought to'd|pend on the Information loai of the 'task for the individual. 
An Intimate tie between attention 6nd informatfon'-p'-oceSsIng is frequently implied, so that 
the freeing of attentidh from a*sub-rdutine m.ay be token as a measure of increased cer'h 



m.ay be token as a measure of increased certainty 
to the task, Sirlce older children are assumed td be able to process more Information per 
unit time, their perfpfpiance is,expTected to be more efficient when the tasks are of sufficient 
complexity. Sjmildrfy r witk prdcticfe, as sub-components of a task become' routinized and 
their sequential probabilities tecome known, reducing undertainty, the efficiency of per- 
formance Increases, While empirical results support thjse 'estimations (Connolly, 1970), 
the Informations-processing approach cjoemot provide d s^^ttig interpretation of the 
sequential organization of actions in general. The qualitative changes taking ploce tend 
,to be obscured by -essentially qbantftative evaluations of performance. 4 ' * 

In summary, the literature on skill acquisition points to several important topics 
for .any consideration v of sequentlally-organlzed^actions^ It seems that a generalized 
program pro$des^organlzotlon and directionality for sequential actions at any stoge^of their 
perfection^ the gpne tall zed *progwins a-e likely to depend on the cognitive levfcl of the 
Individual ^"Nevertheless,, the actual tmpjefrientatlon of a generalized program \h oction. 
rtpy be necessary fo 1 * the 'acquisition -o^sonfe types of knowledge, suggesting that moni- 

• - taring of a Series of actualizations of" 3 generalized program by an individual may provide - 

* T valuable information regarding its limits. The ability of an individual to make use of an 

external model In shaping or perfecting the generalized progron for action needs further 
«- exploration, t ~ 

f r V , R&fe'arcK Perspective t The p-esent Investigation aimed to gain understanding 
of how chlldten varying in age (ond^n level of cbgnitive'development) construe a sequential 

% \ % action modelecf by an adult as -shown trough their reprodtjctibn of thot tictfon in several 
serial .attempts. In general teems, the considerations of importance for this investigation 

, % . were as follows: , * ° * - * * 

, 0 1* Thg modeling o f an int egrated complex ^activity. The. presentation Jo* the child 
* of an activity that could be construed in a pumber of different wefys and reproduced 
af sevpra) different levels was considered hrnportantto gain an understanding of 
the Interplay between the child's^ognitlve capacity and the effect of observe- 

' 1 ' Hon./'* - 
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£ % Tbe jiiod e I Ing o f s equentiol ly orgOTfze^ocHvj^ L The Modeling of 
activity consistlngaf delineated units and groupings of units was thought 
Important to permit evaluation of the arganizqtian c?f the activity tn the child's 

- .reprbduction. The aim was to gain understanding of the "generalized pragraii" 
for action that children of differenf ages adopt .after an observation of a complex 
activity* * 

i<3. The .use of activities having o strong cognitive component. In aftler to. 
exaffrfne changes In reproduction due to changes in *he cpnstruoJ af the model's 
activity and those due to possible chcnges tn some general tendehcy to imitate 
- others, It was thought important to work with-tfcsks requiring cognitive effort on „ s 
the part of 'the children studied** • . ] 

4. The use of c h ildren v ar ying in age. The use of ag.e groups which >yould be 
expected to span a -no jar qual i tali ve slii ft in cognitive functioning (e.gJ from 
pre-dperationaLto concrete operational thinking)\vas considered Important in 
order to Insure varying constructs of the model's activity,; 

5. The elicito tlon of repe ated attem pts to reproduce the modeled activity, 
It was thought fhat reproductions may change aver a^ series of attempts due ta 

. change/that the organization pf the activity may undergo with repetition and 
also due to the feedback gained" from- the repeated observation of the model ^and 
of the product of the activity even without extrinsic reinforcement, jt was" con - 

, sidered Important ta use tasks that are suitable for repeated performance* 

WithftSHhis general franework, a series of specific experimental studied was 
carried out. Each study wiH be described separately, since different methods and procedures 
were employed for different studies. A concluding statement follows the presentation af the 
empirical work. * « 

0 M 

- 4 • % » Study I « 

* The Effects of Modeling an Design "Construction <by Children ■ * 

Numerous studies have demonstrated that children's behavjar in a situation can 
, be Influenced by the observation of a model performing in o sftnilar situation. Jn recent 
years, the tendency has been ta discuss the modeling effect in terms of tfje Information that 
the model's actions provide for the observer rather than in terms af associative mecfianisfns 
br of njotivatlonai processes, In keeping with this theoretical trend, research has focused „ 
' on fepbavtor in rule-governed situations and has contrasted the effectiveness af modeling 
with other techniques for canveyirig information ta the subject (e.g. by direct verbal 
.Instruction). A revie.wof the literature showed, however, that a number of variables 
pertinent to interpreting modeling effects in cognitive terms have been insufficiently * 
addressed tn previous research. The goal af this study* was to examine the effect of a 
^number af such variables on children's performance in ajian-verbdl, rule-bound" task in 
order to determine those variables worthy af mare intensive investigation A seconder 
goal of this study was ta ascertain the suitability af the design construction task for the , / 
purpose of this research. 4 ." / 
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1 If rfte model's'behovlor is viewed 05 o 'source of informotion for the observer, fhe 

obietver's ability to* use this information becomes of centrol importance. Chonge* Jn jcogniMve 
obitlty tiiot foke ploce with development might be expected t& become monifest'in^the 
^sujxess with which children utilize the Information provided by o model. ^Although age con 
Serve only os o crutie index of, cognitive leyel, studies of modeling effects on children varying 
tn gge (and presumobly in cognitive level) have been reloHvely ro*e. Harfup* and Cootes 
(\97w, jrecvlewlng reseorch'on imitation by children, pointed out th* scbrcity of infermotion 
on* orfer differences In. the effects of observing a /nodel . In their 'review of studies on " 
obsetfvotfonol leoraing of r u|e\governed bsbavlor by children, Zimmerman and Kosenthol 
{1974) did not even consider age differences. t . 

0 

. In an eorly study, Coofes and Hortup 1 1969) demonstrated, that 7*8 yeor old/childfen 
were significantly better able to reproduce o series of specific octlons demonstrated. ,by o.modej 
tho? 4-5 year old children. This age difference was not significant when the children were- .\ 
Instructed how to describe rhe model's actions during the demonstration . 7n8s/ theigeg^ 
"difference p^esjrnobly reflected a difference In the Spontaneous use of verbal .coding strangles 
to facilitote memory rotter than cny difference in obility to utilize the information provided 
by the m&del. In a more pertinent study-, Denney (1972- found thot different question- 
asking strategies modeled for 6, 8, ond 10 yeor old boys affected the three oge groups 
differently. The most complex "strategy did not offect the behavior of the youngest group 
ond the least complex strategy influenced opJy rhe middle bge group, wKo gave up to some, 
efctent their more complex spontaneous strategy for o less complex one upon 'exposure to the 
model* These results point to o possible interaction between cognitive ability to utilise tjie 
method dertx>Q|troted by the model ond factors of social compliance! Similarly / r Clfver ond 
-Hoppe (1974) found thot'kindergorten children were not influenced by observation of a M \ 
model's unreinforced behavior so os to deduce that the o!ternotive wou id £e reinforced; 
second grode childreh wer£ so influenced. However, the second grade children also seem&d 
tp be sensitive to the soclol aspects of the situation, since they chose tbe reinforced 
dtternotlve sicyilflcerntly more often only when the unreinforced model wos absent from the 
room. Interpretation of the. findings from tE^^tudy Is compli ca ted* by the fact that fourfh 
grade chftdren were found to be little influenced by observation of the unreinforced "model, 
olthough Qognitiyely they Should hove been able to deduce thot the alternative response 
was correct, ? # 

Attempfcs;to te$r*£ioget's stage model of cognitive development* have come closest 

to examining the role of cognitive level in responsiveness to o given model . Studies by t 

Turiel (l969)"and KuKn ( \972) suggest thot children expose^ 'to reasoning one^foge obove 

their own seem to be most affected by the experience. Recently, Murroy (1974) examined f 

the effects of "modeling on children's responses to a conservation problem* He^concluded - 

thot modeling wos effective when It was In developmen tolly Sensible direction and only for 

children who were cognitively open to grosp the und^storrding'modeled (i.e., in tronsi- 

tforf for the poncept). Thus, the o^oilobre. studies suggest thot th^ observer's cognitive 

level h o foctor in*8eterm!ningjhe effect that observation of a specific model will hove, 

but, odditidnolly, that factors pertain rrtg^fo the experimental situotiop % olso ploy a role, in 

determining the child's behovior, • 4 

♦ > 

In the present study t children from kindergarten^ second, fourth, ond sixth 
grades were studied. Pilot testinjg Indfcoted thot preschool children would not perform % . . 
In o^tqsk having the desired characteristics; consequently, kindergarten children 

"4- 



V i . * 

- 1 * v \ 

constituted the youngest group included. It was assumed that the age groups chosen , * : 

represented different levels of cognitive ability. It was hoped that the study of four age 
gr6ups an,the some task would contribute to the understanding of developmental trends In 
modeling effects, , 

* ! • ■ « « ' 

6 * *\ A second important facet of this study was thebehavior to be modeled. If the 

observer Is viewed as an active organizer of his activity, actively processing the Information 
contained in the model's actions and actively constructing ftis owrr handling of the some 
* task, then the modeling must involve rule-tjoverned, sequentially-related, and goal- 
directed behavior. There have been relatively few studies m which such "modeJing was * 

used » ... • ^| ' * s 

• . . » ' 

Most of the earlier studies selected far modeling several discrete acts which could 
btf Inserted within some ongoing activity. In frying to ensure that the acts modeled would be 
navel and, thus", unlikely to be seen In the spontaneous behavior of children, thestudies 
•usually centered on acts arbitrarily related to the maih activity, Far exbmple, Bandura 
and Huston (1961' modefed marching, d<>l[-h!tting and verbpllzlng in the course of sefectiog 
the box which contained d reword. At most, the modeled behaviors may be Seen as em- 
• beHtshments of the action o£ choosing the appropriate alternative* .In studies of this kind, 
the personal characteristics of the model and the nature of the relationship between the. 
* . njodel and the observer have been found fa be important determiners of the mGdeHng ; ef^^t^ . 

- * Many of even the more recent studies concerned with observational learning of 
concepts or rules have selected fairly arbitrary concepts for modelmg. Far example, 
, m Zimmerman and Rosenthal (1972), and Rosenthal and. Zimmerman (1973) studied the effect ' 
C^hodeling on acqjiring a rule that on arrow's color Tn a display *is to be matched by the .. 
.* * ,calor of the spools selected and that a position of the craw designates the number of spoofs 
to be picked. Although the task does involve the learning of a rule, the rule itself Is . 
quite arbitrary,, Similarly, Rosenthpl, Alford, and Rasp (1972) studied the behqyiar«pf 
children in a clustering task, where fhe rule demonstrated by the model was ftsfttake an' 
abject from each abject clpss so that no fwa objects would be of the same color, While 
following of this rule grouped all the objects effective I y,\many other rules might be 
devised to s^j^ibly partition a set of multi-colored abjectsV Somewhat inherently less 
arbitrary rules'4hat have been modeled include classifying objects an the basis of a nan- 
preferred dimension (Kabaslgawa, 19701 or pointing tp the identical *br different picture 
in a matching-to-sample task (.Zjnuqerman a$ Rosenthal, 1974K The previous studies that, 
- , come most closely Tb 'modeling a non-arbitrary .approach to a task tot,i involve the 20- 
qu^stions game (Denney, 1£72; Doiney, t Denney, and Ziabrawski, 1973; Denney and 
Connors, '1974; Laughlin, Moss and Miller, 1969). Strategies Apr ploying this game vary, % 
wlth v age and they con be ordered on the basis oi their, effectiveness; thus, children can 
be exposed to a strategy they do not uSe spontaneously, but; which is inherently preferable « 
tf Me is to win the game,, In these studies, however, the strategy is evident in the verbal 
behavior, of the model and therdlst!nc/lan between modeling and verbal Instruction becomes 
* .harder to'draw.^ Consequently, a nan-verbal task was chosen for the present study. 

- . Third, because thfc rules or concepts to be acquired through observation were 

frequently arbitrarily related to the task atJiand In previous research, the subjects in^hase 
studies hod to be specifically Instructed to follow the model's behavior. Far exbmple, 
* \ * * 
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, Zimmerman and Rosenthcfrl '(1^74) Instructed thair subjects in 'the matchirrg-to-somple tosk: 
"Point to the same thing she points to^anS soy^hat she says." Or, Zimmerman (1974) 
told his subjects in a stimulus grouping task to lay the game" just like the lady did," 
With such exjalicij Instructions to imj+ate the behavior of the modeU it is difficult to 

m separate the social influence effect of*tfie situation from the observational learning effects. 
It Is possible h>argue that observers adopt the models strategy in order to meet the request 

-of theiexyrimentlf.ln a situatjori 'where >he modei \ betiavfar is rather arbitrary, the V . 
effectlvjftess of observation might be. determined by the personal characteristic^, of the * 

< model and the relationship ofthe" observer'to the experimenter .just as it wastfovmd to be in . 
the earlier studies af imitotiori of riovgf, dfs'crfete^behavfors. Testing for generalization 
of the modeling effects as well as for retention of the rules learned hos been included in 
many studies so as to demonstrate 'that,observational learning has taken pkce. However, 
to the extent that the generalization, tasks are^uite similpr to the training tasks and da not 
contain an Inherently correct solution, generalization dpe^to social compliance cannot be * 
ruled out, Consequently, it was judged irOpdrtant. for the present s^dy to select a task 
that could be solved in a number ctf different ways. The^model, then, might demonstrate 
an inherently effective way for carrying'-out the task, but the observers would'have 
aVaihbJe alternaHve ways" for kindling It. 

# Whe»n a sufficiently co<nplex tosk is used, b distinction can olso be made tetweLn 
the process of carrying ojt the task and the product or outcome / For example, different 
strategies con be used in the 20~questions gome, arid'any of them may some 9 , lead to" 
a correct Identification; the achievement of correct identification does not uniquely 
indicate the use qf a particular strategy** Most studies in 'the literature have relfed on the 
association of the use ofrthe modeled strategy, rule, or concept and a parficular tosk 
solution to infer the use of the former from the Idtter... Scoring hos been large fy in terms 
Of the product of th? activity ratfier than the process of going oboet it.' In the pVesent 
study, it was decided to record the approach to the task used by the children in order to* 
have measures of ffie '-'process of carrying out the task as well os of the task outcome , A 
number of specific aspects of the process of carrying out the task were considered Important 
to dssessMn order to capfrre the sequential, organized nature of goal-airected acjivit^ - 

, . Previous research hos examined systematically any differences between 
modelfng that is inherently hqsk-related ond modeling thot is incidental to, the main task, 
Studies focusing on /nodeltng*of novel, distinct acts liaye generally used preschool children 
and have presenTed these' acts within nonspecific tosk, i.e*, a play context, oraslnci- f 
dental to o task, On the other han^ studies focusing on modfefing of o concept or a rule* 
have used a task requiring the^ concept or rule tooccomplish ^successfully, .One exception 
Is a stutfy by May (1965V; wk> compared' imitation 'of relevant and irrelevant aspects of 
the model's behavior in o twofchoice discrimination problem, A difference between these 
two aspects was obtained In thot both 3 and 5 year old children imitated the model's choice 
in the discrimination problem equally, W fhe 5 yea* olds imitated the model's irrelevant 
behaviors mote thart the yotmger children * A similar study has not been conducted with a 
wider age-range. It Is possibly that the older children assumed an implicit instruction to"* 
Imitate the model in all respects, tfnfce, ft hos been reported (Kuhn, 1973) that older pre- 
school children tend to interpret an ambiguous instruction as an- instruction to imitate the 
model. It Is conceivable that at later ages, children wpyld interpret /he situation more 
flexibly and .Imitate irrelevant aspects of the model's behavior less often. Consequently, * 



In the present study, the model demonstrated both a strategy for carfylrig* out the task 
a$ well as several task-lrrelevqnt behaviors. * *' # > • . 

Finally, It* was thought worthwhile to examine the effects of modeling aver 
several repetitions, since a single exposure to a complex.strategy may be Insufficient m 
for a child to process the Information available. Although {^mlght hpve been desirable 
to A)$e a greater number of repetitions, dqe to time constraints', three repetitions of the 
task performance were used In the present study. J 

In shart, tfWpresent-Study focused an the^madeling of a complex activity, rion~ 
verbal ln~ nature, th& making of a linear design from geometric fanns* The task required 
sequential prganlzatl on at actions for Its execution, yet It was ane that caufd be executed 
ttf$everc;PcJifferent ways and lead tQ the same end-product* It was a task within th§ 
.competence of the'youngest subjects to carry aut-in same fashion; the model demonstrated 
a* reasonable alternative* #ay for carrying opt the tas,k. 'While a general strategy guided ; 
fhe model's pctlarts, It could not be readily formulated Ihto a simple verbal rule* Thus t 
, In this case, demonstration might be considered the normal means far conveying the — 
Informatlan^embedded In thg model's actions, fh addition, several discrete acts Inci- 
dental ta the making of the design were also rjjodeled in orjjer ta allaw a direct comparison 
of the effectiveness of mpdellngfor fhese two types of behaviors,- The effect of the majlel 
on fhe cht"l(/ was assessed. In terms af the modlficatlar^of the child's way^of carrying out 
the task as a result of abservingjhe fjiadePs way af going about it ; The model's way of 
tarrying out the task yvas nat characterized as^'good" or "carrecf'and the subjeqts 
were nat specifically tald to apt li(fe the jnodeL / *i 

Method # ' % * 

Subjects. A total of 96 children participated In this study* They were obtained 
from" two public elementary schools, located in lower-middje class neighbourhoods In 
Worcester, Mass* Twenty-four children, equally divided by sex were tested from * 
kindergarten, second, jburth/ and tfxth grades* the children within jjach^grade were 
rahdamly assigned to one ofthree experimental conditions. * ** 
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Menials. The linear design to be constructed by the modePandby the'subjecti 

was made up of 37 geometric pieces. The pieces were cut out from 1/4 in* thick masan- 

Ite In the following forms; square, circle, .triangle, ellipse, diamond,* and rectangle. 

The Individual pieces generally fit within a 1 1/2 In. square, except that some 

rectangles were both narrower and taller. The pieces were painted in several different 

caloriV The completedjdeslgn Is portrayed in Figure 1*. It was considered ta be composed 

Of. eight units, as Indicated in the diagram. 
* t 

A* wooden box (30 In* long, $in. wide, and 2 1/2 In. deep) with 24 cfom- 
^a/frnents arranged v/lthin tfiree rows was used for keeping the pieces far making the 
de^gnr Identical pieces were grouped into separate compartments in order ta minimize 
the problem bf finding the desired piece* This suppfy box contained duplicates of all the 
pieces used in the design and some/pieces in colors other than the ones needed ,far the design? 
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Schematic representd^on of the sample design and the sequence used by. the model In making the design 
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A listing of all the pieces provided and their lo'cations in the box is given in Appendix 
'Table Af J. «fr * ^ ' 4 

This box was located 6^0 separate table from the one on w high the . 

* design was builj. ln v qdfliHon to this supply box, four smaller wooden boxes' were 
Itacke^ on the corner of this toble, Thes& smaller bo^es meosufed 11 In. by»13 lh. 
and had three. Unequal-sued compartments. They were available for transporting 
selected pieces from the supply box to the work table. ^ ' . ~ ' 

f > 4 - • " 

* ..'Wooden boards tueosurlnjg 5 in. J?y 60 In. and covered with met&Lon the^ , 

top surface were used-os the ba§e for building the design. The geometric pieces hod * 
small, circular magnets glued Into their backs and, therefore, adhered to the metal. 
When spaced obout*1/2 In. apart, fhe pieces used In the deslgn'filled the 'board from * *, 
end to end , . 0 . . * - : 

/ , Procedure .* Each child was tested indlvfdual ly In a spore tgomTn th^ . 

child's school. ^An adult female Introduced the children to the task- and served to model; 
for those In the modeling conditions. A s.ecoryd male experimenter ,was pfesetft arid video- 
taped the $essions'fbr loter analysis. . 

> ■ / * * 

The experimental room contained a large table on whjgh tjie designs were ■ 
built r At a right angle to this table and c^bout 4 Ft« away, there was a srrftal lef table con- 
taining thej supply box and the container?. A choir was ]blticed betwgen thiol two tables, * 
permitting a good vlevf jof theactivlty at both; - the child was asked to sit-in this chair 
durlng'madellng and the model used It wjiile the child was construing the^deslcjn. 
Dflrlng eocfji, trial, the boord containing the sample design was hung opposite the supply 

* table, requlrihg a deflate turn in order to view It from either table. .<Jhe>Toy out of* 
tKe, experimental" room is depleted in Figure 2. 

J Three different experlmentol conditions were used. In the No ModeJ (NM)* ; 
condition, | the child was shown the ready-made sample design and asked to proceed to moke 
an Identical design on tjiework tables Hence, this condition may be viewed as a control k 
group for modeling and o~s a group wfejch received tnformotipft .about the task only through 
^exposure to the desired end-product. No instructions'as to how to proceed we/e given. , 
Ih the Wbael-and-Destgn (MD) condition, t^e children were osked to first watcTi tile model 
make the design and told that they would -have a turn afterwards . TKe model demonstrated 
the making of the design befor^ eoch trial, given to the child.) In this condition, the * 
children may be considered, to have hacf two Sources of mforpiatlon^aboOt the task, 'obser- 
vation of the model's octiohs In making the design and the desired end-product which was * 
also aval^aUle while the child built hifc design, Children in the third conditon, the 
Mod^l-No Design group (ND) were treated identically -to the'chtldren in the Model-and- 
Desjgn condition, excepf that once they had inspected the comp-le ted design for obout 15 
seconds, the sample design was removed and they had to proceed from memory* , Thus, ^ 
although performance of the ND group would be expectlfcl tojie highly Infltfencedlsy memory 
factors^ this group. may be viewed as having ftrderlye Information obout'the ta^malnjy v . 
from observation of^he activity Jof the model during design construction.**; 
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The strategy demonstrated by thg model had several distinct characteristics: 
(1) The model showecf planfulness: she used one of t he containers" to gather the necessary 
pieces for the making of4he design; she picked up the pieces by types'(yellow squares, , * * . 
triangles, brown sticks) and placed them Into separate pile's In. the container; she carried \ 
these supplies to^the work table and surveyed the work board as If to plan the lay-out of 
the pieces. (2) The model' treated the design as made up of sub-units: she removed piece* ^ 
from the container In units, deposlted^them on fcHe board In units, and made deflnjte . - 

. pauses after laying down edch^unlt; once thejieslgn was completed, however, all the 
pieces on^thg board were equidistant frc^n each otljer. (3)' The model treated the design ' . 
as an organized wfjole. she started tj%ffitf{<3 the design with the unit 'at the center and. 
switched from wotkln'g on one side .of.^^^esfgn to^the other several times. ■ TJie sequence 

.of actions In* building the design used 6vjfhe rnodeMf described In Appendix Table A: 2j • 
Tke model also exhibited ten dlsttnct^^avjors while working at the two tables such as ' 
blowing on a piece, rubbing two plecg! together, deposltfn^.'the con tditie* back on the'J. 
Supply tabl^efter completing the design, verbalizlng'about the pieces, and £o on*./ [ . ' 

Upon entering the experimental room, edch child was told explicitly that the td^k. 
was to make a design Identical to the sample design whichVwas already built from the pieces 
located In the supply bo"x/ Children In the MD and ND conditions were shown to the chair and 
asked to observi" the model make the design before taking their furn. Children in* the 
condition were asked to go ahead and do it. All children wereJnform$d that they would make 
the design .three times. Children In the ND condition v^ei^ajso Informed that the sample 
design would be removed prior to their turn at buflding the design. No reinforcements were 
given to the model or to thexhHdrdn In any of tjie conditions. After the 1asHHaI, fc the . 
children were questioned about their strategy In building the design and about what they 
aslSnlts In the cfesiga. These responses were video-taped as well 



saw 



The children's performance was )ass^»d In term* of several dimensions: ^(1) 
accuracy of the completed deslgnj (2) efflflRftcy fn making the design; i.e., time to 
complete the design; and (3) evidence for the Influence of observing the modefl In terms 
of (a' direct Imitation 6nd (b) differences in strategy of going .about the making of the 
design compared to the'NM group* >*' v ^ * ' 

. % Resolts ^ . . , 

The specific; measures that were coded and their reliability Is reportednn 
Tabie 1. Reliability was determined by having'two judges independently code^the 
videotapes of 24 subjects (six from each condition). 0 was found that the medsJres could 
be coded fairly reliably. ** r Z. \/ 



Since preliminary. analyses indicated "ftiat the child^s sex was ndt a significant 
factor \t) performdnde, all the results are presented for boys a nd girls combined'. For 
mosrmedsures, analyses of variance with age, condition, and trials as factory were 
fun and then followed up by post-hoc comparisons*of means or trend analyses.' 



Grcfde and trial »effects were obtained on most rtreasuretf, indicating gfeeater 
facility In performing the task with age and.wl.th repetition* There were alrAbst.no grade 
|>y irial Interactions. Tlie effect of trials will be discussed only when it modifies the effect t 



of other- variables^' 



Table 1 



- Refiablllty of Measures .Coded from the' Video-Tapes 
Gi ven as Correlations Betwe en foo Co ders or' Percentages of Agreement 



M&asures : 
t 

i 

V * 

Numbet of Errors ' 

Ngrpbe; of Self-Corrections' * 

Total Time 

Organization: 

Number of Steps * 
• Number of Chunks 

Between-Unit Pauses ' • J* 
^ WffrMn -Unit Pauses 

Returfts to Supply Table 

^ Checking of 'Sample Design:- 

Checks at Supply Table- 
Checks at Work TabU ' ' — * 
Between -Unir Checks 
* Wlthin-Unlt Checks ' ; /, f 

I ml tg Hons: e» k . 

; Container: Use 

Tvpe of Progression . 
- Placement Forward 

Crossing Center, • 



... . wiiuiiju H/ aumtj measure 

fragments of the design were built. 





--Conditions 




Overal 1 


NM. . 


MD 






, 71% 


' 92% 




" ' " 81% 


"7 1 O/* 

7 I70 


83% 


71% " 


' 75% . 




, .99 


.99 \ 


,99 

. ( 


.70 


,.99 


• 

♦ 99 • 


. .97 


93%, 


• . 91% . 


76% 




.89 


• .80' 




.87 


* .99 


, .97 ' t 


mm 1 / 


.91 


.99 


.995. 


..97 * 

{ 


.99 


;96 . 


• .97. 


> * 


• s :97 


.94 


97 




07 
.7/ 


,71 


»*7* .. 




" '.97 


.90 . 


.86 

• 




.87 


100% 


"■ .88% * 


100% * 


' 96% 


100% 


83% 1 


71% 


85% 


88% 


67% 


58% ' 


\ 71% 


100% 


'".67%*. • 




* -65% 









♦Accuracy of the product . In terms of the number of pie'ces placed in their 
correct positions, children Jn the two conditions where the sample design was available 
*b them d6rlhg.performa.ice of the task (NMand MD) were clearly more proficient than ' 
children in the ND condition. As can be seen in Table 2, from secehcf grade oh, children 
in the NM and MD conditions made very fe.w errors.- A 4 (grade) x 2 (conditions NM'and 
* MRl analysis of variance on the. total, number of errors summed across trials indicated that 
Hie flrt^efhcKF- 19.42, d.W, 56, ^01) as wjl as the grade by condition Inter- ^ • 
d^ctioh (F = 5.14, d/3, 56, p<.01) was significant. The interaction is due to the greater 
HUmber of errors -made by klfidergarteh children in the NM condition (Duncan's test on~" : 
means; p < .01)jmd a non-significant increase In the number of-efrors for grade 6-children 
in the MD condition, indicating that the condition effect on errors decreases with age. * 
The errors mdst frequently made by children in the NM condition consisted of omission" of 
pieces and substitution of pieces; It seemed that the NM children had greater difficulty '* 



In keeping track of their place in 'tha design, llnce thsy adopted the strategy of plece- 
by-ptece copy of the sample design . The most, frequent error made by-gride 13 children 
was failure to use appropriately shaded pieces In unit 5, the Jarge central uhlt,( 



17, 



see 



Figure 1), A trend analysis Indicated that there was ft a significant dqcre v a?fJti the number 
of errors with grade only trt the NM condition* 



* . Table 2 

v Mean Number of Errors for all* Three Trials 



^- Condition 



Grad* 





' K 


2 ; * 


■4 : 


9 

■ 6 


NM 


22.7 ■ 


--5.1 


2.2 • 


'.*87 


MP - 


" ' 10*7 


3,6 


'2.1 

» 


,5,5 



Since errors could not be determined accurately for the ND .condition, Table 3 
presents the'number ff correct pieces placed In the design for jaU three conditions, As 
• shpwn In Table 3, children in graces 4. and, 6 placed .over 607aWrect pieces even in the 
7 ND condition from.the second triafon. Thus; It may^be concluded that children In all 
the conditions had a. way of performing the tdsk wl+'h fair success. \ •' ' w >,• 

• \ ' ^ Table 3 * 

•:)v4^dn dumber of Correct Pieces (out of 37) 

Averaged Over Three Trials * ' * 



Condition 
__ — t^. 


< 




Grade 








K 


2 


'4 


6 


, , \ , 




*' 31.5 


■ 35,*6 


36.5 


'-36,7 


• * 

1 . I 


MD' ; 


34,6 


-36.2 


. 36.4 


36 , 0 




ND - ■ 


16.4 


V 19,8 


23,9 


,27.1;. 





Time to, compl ete the design ', f he total time, to perform the task can be used 
as a very general. measuFe of efficiency of the strategy odopted, Total time Included the 
tt^ne at the supply^ table os well as time actually constructing the. design. It turned out" 
to be Impossible "to separate out the time spent constructing the desl gib because many 
chiWrendtd not use the available containers to transport the needed pleSses to the 
work tofcle and^vere constantly running back and forthT between the -two tfcibles,, The 
results for^otal time are given" In Table 4. ^ * . 



9 

ERIC 



A.' 



21 



V > - 



. ' ' . - Table % * 
Total Time in Minutes to Complete the T^esfgn 



'18. 



Co ndi tlpn ^ *• .. • -s Grade 



NM 



Trial 




2 - 


'4 , , 


6. ; „ 


i 


7.22 - 


5.88 


4.5J7 


•4.28, 


2 


• 6.05' • 


. 5.25 


4,15 


3.67. 


3 


' 6J34 \ 


5.12, 


' , 3.4V 


3.45 . 


f . ' 


. . 11.62 


9J.4 


5,59 ' 


, > -J 
4.8Q 1 


2 • • 


9.76 


7:90 


• . 4.78 


4.25 


3 . •' 


. ?..78 

✓ * 


6.72 


• 4 « 75 \ 


3.6? 




5.39- 


' 5)28 


5;07 - 




I'- 


. -6.56 


4.78 


S, ,07 * - 


-3.63 ' 




* ' 6.96 < 


5.26 


- 4.74 ' . 


3.57"- 



; • 1 A 4(grcdefx 3(cohdltion) x 3 (frlal) analysis of variance Indicated significant ■ 

• overall effects for gra^elf = 25. 18, df 3, 84, p <t*01)', condition (F = 14. 16, df 2, S4, . 
. , ,P<.01), and trials (F =A0.47, df 2, 168, p'<*\Ql). The 'grade by condition, interaction ' 

. (F — 2.94; 'df 6 f 84, p'< .05) J m6y fee explained by the greater difference between conditions 
' •' t at kindergarten thda at higher grades. ^pct,., Kindergarteners Jn the MD .condition- 1 

# • s took significantly longer to- complete work 'on^the design 'than did. children'iri the other" 
^ . two conditions (Duncan's test, p ^.05). A ^flcarfr condition by trial interaction 

(F= 6,"66 r df 4, 168,. p < .01) was apparently due to a lack o^decrease in time over 
, trMs In the ND condition. * * • * 

This woUld-Jse expected, since the- relatively short.flme taken by children .in the * 
Nt> condition was due, In part,, to Memory limitations; over trials, "they tended to 
" remember the design better, and, thus, have more pieces to place. Iri short-, in terms 
V '• 6f this traditional measure of performance, modeling did not have! a beneficial. effect, 
■particularly at^younger ages. ' ' 

. - H . o / N .... 

.Process of c on structing the design.. A different measure of the efficiency of. the 
' ' process of constructing the design was obtained by considering the number of steps token 

• v ' by the children' to' perform the task. A step was defined "as an' ur>broken unit of "action . " 

• It wds usually boUndetl-by "short pauses, someHmes a check to the sample design, or a * 
«i ( . return to+he supply table .or the container foV'p'leces; It' was conceived as the smallest 

; ' unit of action which could be an element in a longer unit of organlze'd activity. ".*'*' 
' ■ . ' Coders could Identify steps' with very high reliability (. 97), since they very often ' J* 

. corresponded to the placing of a singl^ece. ( The results are presente^ln- Table 5. ' ' 

: A 4 (grade) x 3 (condition) x 3 (trl.al) analysis of variance indicated significant 

.' • grade (F*-=> 12. 17, df 3, 84, p < .01) and condition (F = 9.08, df 2, 84,, p < .01) effects . ' 
as.well as a significant trial by co/ui^on^lnteractjon (F = 6.6*9, df 4, 168, p< .01). ' .* 
The Interaction Is due. the fact thaVwhi'le the'rfumber of steps decreased over trials' 

• "1H the KlM and MD conditions, they increased (linear trend significant) over trials In 
the ND condition, " » . s\ 
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Table 5* 

Mean Number pf Steps-Averaged Acros| Trials 



Canditidh " 




Grade 










2 


4 


6 


• nm , 


t 21.2 


15.5 


13.5- 


16.1 


- MD 


27.6 


24.8 


17. 1 


16r2- 


ND . •-" . 


20.2. 


18.2 


12.9 





_ T 

Ar^ar^cjlysls of variance on just the N/v( and MD condition results yielded significant , . 
main effects for grade, condition and trials without any trial by condition interaction. 
The significant condition effect suggests that at youngef ages, children exposed to 
modeling were less efficient than'those in the NM condition, In keeping with Hie di- 
rection of findings obtained in terms of the* total time measure. 

, The children were free to adopt any strategy in constructing the design. Since 
the sample design roujd. be viewed during construction by turning to it, children were 
-able to adopt the stjdtegy of copying the sample design. It was. possible to assess the 
^number of Hmes children turned and checked the sample design as one indication of such 
a strategy. The results for the.NM and MD conditions^are shown in Table 6. / 

. v . , Table 6 . * . • ^ - 

- C # Mean Nunibe'r of Checks Averaged Across Trials 1 

» * 0 

Condition ' « Grade -* • 



A . ' K ". >2 , .. 4 ? '6 

MD - / - 63/7 51. a 37.1 ' 26.7 

^ " A 4 (grade) x 2 (conditions NM and MD) x 3 (trial) analysis of variance indicated 
significant overall effects -for grade (£= 11/18/df 3, 56, p < .01), condition (F = 4.51, 
df .1, ,56, p < !Q5) and trials*(F = 61 .59, jjlf-2, IK, p < .01). A significant grade by 
condition interattjpn (F = 5.28^/df 3/56, p <*;01) appeared to be due 'to the lack of 
a significant decrease In the mean number of checks with grade in the NM condition. 
Children in the MD cpndition ,checl$eci fhe sample design significantly more often in 
kindergarten (Cuncan's test,, p< .05), bqt their number of checks declined signifi- 
cantly with grade. These findings suggest t^at with age children in the MD conditio^ 
changed fhefr behdvior more thpn tjpose in the NM condition.' Very similar findings were 
obtalned'when checking at the supply table was separated from checking qt the work 
.table and analyzed separately * 

It was also possible to evaluat^the extent to which children construed the design 
as organized fh the way that it was conceived to BeSrganized by, the experimenters and 
as presented during modeling. Pausing was defined as stopping the'stream of action for 



<2D. • 
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o bslef or o longer period of Mme. When children poused, they sometimes olso '* 

checked the somple design/ but not olways. ' In order to use pousing as an index of. 

the way fhe deslgn*was being construed, pousing y/as divided Info thot occurring In 

between unite of the design (see Figure 1) and thot occurring within such tinlts. It wos * 

thought thof the more the design wos construed In the some mdriner as organized by the 

, model, the' more of the subject's gooses should occur between units of the design, and 

the less within unltsof the design.* \ H 

« • ■ * » * 

A 4 (grode) * 2 (condition) x 3 (triol) analysis of variance on pousing between 
unite for children In the NM ond MD condition* indicated significant grade fF*= 3.95, 
df.3, '56, p<.05) ond triol (f; = 3.53, df 2, 112, p < .05Y effects. The NM children 
poused slightly more be^een, units' thon the MD children in 4 grodes K ond Z, fatut the 
condition effect was not significant. Thus, between unit pousing did not vary with 
exposure^to modeling;" but decreased wVth oge ond with triols. 

Looking ot wrthih unit pausing, a 4 (grode) x 2 'condition NM and MD) x 3 
(triol} analysis of variance indicated significant effects for grade (F = II .77, df 3, 56, * 
P < •Ol), condition (F = f0.76, df 1, 56, p.<.0T), and trial {? = 23.09, df 2 , 112, 
p < • 01). No Interactions were significant. As shown in Tab!* 7, within unit pgusing' 
was higher for children in the NM condition ot oil ages, although such pousing decreased 
with oge In both conditions. The ND condition wos not included in the analyses, since 
•ft wos difficult to pick out Intended units ot younger oges; however, to the extent that 
the model's untts were 'evident in th^ir constructions, there wos very little pausing 
within such units. . 

Joble7 

.Me'an Totdf Wlthin-Unit Pause Time Averoged Across Triols in Minutes 
Condition " ' Grode 





K ■ 


2 


4 


NM 


* 2.83 " 


1.91 


1.45 


MD • 


1.97 


T.7J 


* .1.02 











1.44 

Since a Condition effect wos not obtained for between-unit pousing, the 
differences In within unit pousing that were pbt^inec^connot be ottnbuted to longer 
pousijiVh NM condition in igeneroL It appears tfiot although with oge all children 
come to construe the design in terms of some units, observation of the model's actions 
helped the chtld to perceive the design ds composed of distinct units. * 

* • This contention is further supported by o direct examination of the units imposed 
on the design by the children themselves. It wos decided to define o segment of the 
design built by the child with o^single inteptionojity Q $ a chunk, whether* it corresponded 
tothe model's unif ornate Chunks could include several steps, but hod to be corri&d 
through with seemingly no disrupHoaof intention during thot intervaj construction. 
Chunks Were Identified by coders with good reliability 88% for oil three* conditions) . 



N 

The rfoulfsare presented in Table 8. 
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Table 8 , 

Mean Nymber of Chunks Across Trials 



Condition .\ Grad 



e 



> 



. — • • * 

K 2 4.6 • 

NM % . ,19. 71 15.21 13.65 14.12 

• MD 20.62 19.21. 13.29 9 .#2 «.* 

ND 8 ..00 11.50 8/58" '7.96 

A 4 (grade) x 3 (condition) x 3 ( trial), analysis of variance on the number of 
chunks evident during, construction indicated significant main effects for grade 

. (F = 8.78, df 3, 84, p<.01), condition fF = 25. 2Q, df, 2, 84, p < .011 and Mais' 
(F = 36.95, df 2, 168, p < .01) . A significant grade by # condition interaction (F = 25.19, 
df 2, 84, p < .01) appeared to reflect the lack of a reduction fn the^humber of chunks 
with age in the ND condition.. A significant condition by trial interaction (F = 15.62/ 
df, 4, 168, p <'.0r appeared due to the fact that across trials, the nu/nber of chunks 
Increased hythe ND condition, but decreasecLin both the NM and MD conditions. Thus, 

, in, keeping with the findings reported for total time and number of steps, memory problems 
appeared tobeamojor factor in the performance of children in the ND condition, over- \ 
shadowing other effects. ^ • 

Modeling Effects. Imitation of the set of ten discrete actions shown by the 
mo<|el (see Table A: 2) was used as a general, index of imitation. Since relatively feJ^ 
of these actions were shown by the children, they were added across all thre»e trials. 
A 4 (grade) x 3 (condition) analyst* of variance indicated a*significant condition effect 
(F = 24.87 t df 2, 84, p"<.01) and a significant grade effect (F = 2.7/, df 3, 84, p<.05). . 
Tab1e'9 shows that there was some decline in overall imitation with age in all conditions, b»^ 
the trend was not significant in the MD'condttion . The condition effect was essentially <^ue 
to children in the NM condition; supplementary analyses indicated that at all ages, MD 
and NBt^con^itions did not differ significantly from each other, bpt did differ fropi the NM 
- condition. These remits indicate that the behaviors chosen 'for modeling were not ones 
that children engage in spontaneously while performing this task. 

Table 9 _ ~ 

Mean Number jpf Imitations Summed over Three Trials 

Condition * Grade 



K . 2 4 6 

NM , ' 3.62 " 2.00 f.87, 1.75 

MD 7.75^^7. 12 5.25 * 6.62 

ND \ .6.00 7.75 4.37 5.87 
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The imlfaHans-thaf did accur can be l cansidered fastf-related. The five{acHans 



V 



. • | — ** ■ w . w. ww. # I IIC I I TCXUtl IU1I5 

that accounted for mast af the imitations are: (1) positioning af self at the sup*ly table, 
^(2) .use af a container to fransport pieces from the.supply fable, (3). verballzaffen about 
the pieces, (4) positioning af self af +be work table, and {5Y placement af pieces • 
forward on the work board, far example,' 15 af fhe 32 children in fhe MD conditioned 
1.3 In the ND condition used a container fa Iransport the pieces from the supply toithe-" ,4 
waFk table, but none-af the children in the NM condftlon did so. In addition, these 
dilldren who used fhe container, picked up the pieces by type and sorted tiem effectively* 
within the container, particularly in the ND condition. Thus, ihcan be conclude thaW 
. the container was used as part af a planned approach to. carrying out the task rathtt than 
simply In Imitation af the model. .- 1 .. 

The model's Influence an the overall strategy for constructing the design was - 
. evident In other ways. The model started to make the desfcgn'with the unit at the - ' 
center; none af the children In the NM condition did so. Children In the MD cpn- • 
dltlon- adopted the model's strategy In 37. 5% af the trials and chUdren'ln the-NDdon- 
dttion used.thlj strategy an. 58. 39$ af the trials. TJie^ifferenca/between all -three > • 
conditions was significant (p < .05, randomization test). A similar pattern aftesults' 
obtained for the progression af actions in making the design. Almost all af the children 
In the NM condition iused a linear progression, moving from one end of the work board 
to the other. In contrast to the use af this linear strategy, lrv-96.8% of the trials by the- , 
NM.childrep, children In -the MD condition used it an 41.6%>af fhe trials and children. ' 
in«he ND condition used It an 9.4% af the trials. No* definite age effects were evident 
on these measures. It Is clear that the - model's approach to the task was not used spontaneously 
by the children In the NM condition, as well as that the children In the ND condition were ' 
somewhat more strongly influenced by the model's strategy then children in the MD condi- 
tion.- . 

. Evidence that observation af the model may have fed the children to understand 
the organization af thebesian in a manner somewhat different from that achieved from 
Just looking at the finished product (the sample design).can be obtained by examining ' 
In detalfthe- kinds' of pieces that were grouped by the children Inta chunks. In generaj, 
pieces that .were next to each other in the design and which were Identical were 



ze were 



grouped together most often. Pieces that were proximal 1 and differed only In st^ „ t 
groupeff together less frequently, followed by pieces that differed only in shape. It 
appears that color was a very salient dimension for organizing the design, in that 
pieces differing in colar- were very rarely grouped" toge&er. — » 

*« . • v ~ v Table 10 . . 

Average Percentage af Chunks with Distant Pieces Averaged Across Trials 

Condition. 



NM 
MD 
ND 



1 

• 




Grade.* 




K 


. • 2 • 


4 


- 6 


3.8 


.37 


- .86 


.3.7 


15.3 


15.3 


12.1 


14.T 


22.1 


' ^27.0 


16.1 , 

• ** 


30.8 



4 



_ Children in all fhree condlHons chunked the pieces on the basis of proximity 
_ and similarity . However, the children, who observed the model making the design also 
grouped Into units identical pieces which were.not proximal to each other* It will be 
recalled that the model demonstrated such grouping in building yrilts t, 3, and 8 as well ■ 
as unit 6 of the design. Chunking of non-proximal pieces on Trial hwas evident among 1 
grade 2 children In the MD condition, but onfy among grad§ 6 children In the NM. 
condition, As shown In Table JO, the percentage of chunks of 2,pieces,or more that 
Included distant pieces was greatest In the ND condition and quite infrequent In the « 
NA4 condition, despite the fact that the number of pieces chunked increased sign iff cant ly 
wltWage In all conditions. - N ^~/ ^ 

* / . • 

Discussion ^ * . * * 

The results of the" present" Study Indicate that observation of a model Influences ^ . 
the way children approach and carry-out a complex non-v§rbal task even when they 
have other ways for performing the task successfully. A number of factors were founji 
to modify the>effects of observing a model . ' - 

First, imitation of the model seems to depend on the relatlqn of the actions 
modeled to the task to be performed. In the present study, in which the child's task was 
made clear and imitation was not required in order to succeed at it, very little Jmitatipn 
■©f. Incidental actions was observed at any Ige studied ♦ Imitation of Incidental behaviors 
may peak to the preschool years, when children may have" greater difficulty tn determining 
which of the modfePs behaviors are task-relevant and which ate not. In the present 
context, even the Kindergarten children may hove been oble to see the unimportance of 
most .of the Incidental behaviors modeled* 

j Although the overall imitation of the model wavsignificant, there were some 
Suggestions tn the results that older children were less likely ta adopt even the task- 
relevant, but unessential behaviors of the model . ^6r example, the use of 'a container 
to transport materials from the supply table to the work table was much more frequent 
among Kindergarten children and grdde 2 children than among the older children In 
both the MD dncTND conditions; Therefore, age moy noi be related to Imitation 
directly, but only through th? child 1 * ability to use the models actions as a source of 
Information and to sort out the actions thaf are relevant. from those, that ore*nfct for the 
adequate performance of the task.. ' l. 

As for the model's. effect pn overall. task performance, there were Indications w 
that the model's effect was also greatest at ydunger ages. " On several measures, 
differences between the groups exposed fo the model and children in the NM condition 
were greater at younger oges. Differences between NM pnd MD conditions in terms of ' 
the hfcmber of errors, the totaljtme^to perform the. task, the number of checksVathe 
sample design, and the number of steps to perform the task Were greater atK^ftlergarten 
and g^ade 2 than at grades 4 ond 6. It would be possible to interpret thp model's gene/al 
effect as*an increase In the care with which the younger children Exposed to the model 
performed The task: they took longer, checked the sample design more frequently, 
and ended up with fewer errors. This Interpretation l$ ; challenged, however, by other 



evidence Indicating that the strategy far performing the task was affected. The ^differ-. * 
ences mentioned above cpn be seen as an outcome af attempts ta adapt the model's S 
strategy as well af greater Carefulness" . The age effects. can be interpreted as-ckie ta 
differential success Irt -understanding and in carrying aut the model's strategy. . 

J . ' ' 

That .children exposed to the madej attempted ta adapt the model ^strategy In 
constructing the design is mast, clearly shown in t+ielr attempts ta deal with the tatah ' 
design as an organized whale: to start building it at the center ta delineate units 
within the whale by churning more pieces, ta organize actions around* building those 
units with fewer, pguses In the process, ta relate pieces even when they are not in " 

'physipal proximity In the design, and to work an nan -adjacent portions af the design 
^ In succession* Since the modeUs.strategy was quite complex,. attempts to adapt it } 
resulted In lower efficiency at younger "cfgfes Jar children In the MP condition* The 
NM children, particularly from Kindergarfen7 made the design one piece at a time, , 
going from left ta right; erring only when/they last their place In the sample design. 
The MD children were mare variable, sometimes trying }a act like the model, at ather 
times usin^the piece-by-piece approach. In the process, they taak longer, checked 
the sample design more while selecting the plecei at the* supply table and while constructing 
the design^ but made fewer errors. That the demonstration af a complex strategy can have 
a disorganizing effect an children who find it difficult ta use has been reported recently 

*_for,grode 2 and 6 children given four-dimensianal discrimination learning problems, 
(Rlchman, J 976). Having observed a complex strategy which Is not fully .grasped, the 
child seems to attempt ta assimilate it rather than sticking to easier and surer strategies. 
In the process, the child may perform' less well than when using the easier strategy. 
Thus, the major function af observation may be ta perturb the set af pattern* af action, 
to Introduce variability Into behavior, and thus, facilitate the construction af new 
approaches to tasks* • A 

the distinction between process and product may be important ta keep in mind. 
In te>rri$,af Alfard and Rosenthal's (1973) usage, children in the NM condition were 
grven target modeling, I.e., they were shown the praduc^ta be constructed, but not , 
a specific strategy far attaining the product: When evaluated in terms aT a product " " 
measure -accuracy af the design constructed - children in the NM condition differed 
ltrtte\from children ift the MD condition, ^bearing aut Afford and Rosenthal's finding that 
both live modeling and target modeling are effective. However; when the process af 
arriving at the product was assessed, clear differences were obtained. The lifiain ^ 
characteristics af the model's strategy (working an the design as a whole, grouping 
pieces In ta units) were approached anfy by the grade 6 children in the NM condition* 
Consequently, In cansi^ering^the effectiveness af live modeling, target modeling, 
modeling with rule provision; and verbal insfructian alone, it may be important ta * 
differentiate effects an the observer's actions in arriving at the .product an&on the 
^ nSture of the end-praducl. > \ • / " 

In the^pfeseffiy study, 'verbal instructions were nat giv^n with respect fcr the 
process.af design construction. A number af studies recentlyfhave suggested that » 
verbal Instruction Is as effective as modeling ar that modeling with Verbal instruction 
is more effective than modeling alone. The results, reported here with respect ta age 
differences and efficiency c%, limited ta the case af modeling without verbal instruction . 



. " / v . 25: 

Moreover, a recent s-ttfdy by Clarke, Manton, Vlney, and Hayes (1975) Indicates that 
the effectiveness of modeling withojjt verbal instruction may depend on the'cultgral 
experience of the. chtlfej Invoked; children from western cultures seem to be.more- 
affected by modeling accompanied by ms^y^ion^bulWdeJirvg-afene may be equally ■ 
effective for children from other culturaF'groups, \n whlch^Vmonstfatlpn rather than verbal 
Instruction Is frequently used In social Interaction . ' 

* * > 

R'epetrtbn of task performance was Included 'In this study In order fo Consider the. 
cumulative effects of observation. Although there were reljable changes with repetition 
on practically all measures used, repetition of the taslodid not seem to affect - children 
exposed to modeling differently than children mereTy repeating the task performance. In - 
this context and with fust three repetitions,. modeling did not seem to produce multi- 
plicative effects. w _ 

The ND condition was Introduced in the expectation that without the sample design 
during performance, children. In this condition would be most strongly influenced by the 
- demonstration. In terms of adopting the model's general strategy (e.g., starting at the 
centef, grouping distant pieces into units), they were. However, the memory demands 
of the task 'were so great, that most me'asures reflected more the memory aspect of this 
condition thanmodeling effects. An easier task Would "have been preferable. 

In summary, the present study suggested that any age trends In imitatipn'may be a 
function i ot the child's ability to understand the organization of the model's actions and of 
the pertinence of those actions to the task to<be performed as it ts^undersfood by the child. 
: Certainly, Imitation of the model can itself be taken as the task by the child,, or the child 
may be specifically Instructed to imitate the moa^h However, aspects of the'model's be- 
l havlor that are seen as irrelevant to the task do no't seem to be imitated without such 
/ ■ spectQctnJrtructton . Moreover, if was suggested that. mode ling effects on the process of * * 
task performance and on the task product need to be differentiated . Strong effects onthe 
process of task performance in terms of strategy adoption "may lead to a product that Is 
.* less matched or less "correct" if the modeled strategy is not fully grasped by the child. 
This distinction Is particularly applicable to complex, rule^governed tasks.- 



. Children's Understanding of Sequential Pattern's « 

Chtldren'runderstanding oS sequentially organized actions has-been studied 
relatlvjj^little. The observations made in the previous study indicated that tne design 
construcflonNtask tfsed In "that study was construed by the children to be organized in 
much simpler )>nits than -the ones that .the model demonstrated through her actions. The 
units formed by the children were largely based on.both proximity and Identity of pieces 
or, by the older children,' on Identity except for variation tr> softie ore dimension. More 

- complex- rules for organizing uni.ts based on serlation, nesting, or finite Iteration of a ' 
sub-unit wer^B rarely evident in the children's actions. Even with "repeated modeling, 
the c organizational rules utilized by the model appeared to be too complex to be readily 

'picked up by elementary school'age.children . Furthermore, It was not clear to wjiat 
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extef^f the presence of the sample design during construction Induced a copying strategy 
with reliance an the most-simple rules far organizing the construction task. Consequently, 
It wqs^declded that the previously used task was not suitable far investigating hhe kind gf 
t organlzaHanahrules that children are ab,fe ta pick out either frOni observing the actions 

of 0^01^6^ or from being shown the end-product to be constructed . » * ' 

.; 1, The. present study was Undertaken with the aim af, examining mare closely the « 
rules'that. children use to organize such graphic material in erder ta find a task mare suitable 
r. for J;he general purposes af this Investigation. In accord with the* -plan to use a,nan-verbal 
V' task whlph could be construed and/ carrled^t In several different ways, a version af the 
V serial pattern continuation task was chosen far this study, v m 

' " - * ^ 

t $ sequence can be sold ta entail a patlern in that It can be generated by a 
systematic: application af'a set af rules. Simon and Katavsky (1963) revived the current 
Interest In the problem of human ability ta acquire concepts ar,ruies far sequential patterns. ' 
They pointed out that while the attainment af most concepts is measured by ability ta identify 1 
Instances af the concept, the atralnrrjent af the rules for sequential patterns can also be 
tested by asking subjects to produce rtew instances af the concept by generating the con- 
tinuation of the pattern. Their studies' have .been concerned with developing a model far 
the kind of processes that enable human subjects ta handle serial patterns' so that from an 
example subjects are able ta induce the rules governing a pattern, to remember them, and 
ta eventually produce the sequence from the remembered rujes. Ta test their model, Simon 
and his ca-wprkers have relied an computers ancKstudies af adult subjects, using/mastfy the 
■ . ^ English alphabet as the ordered series af elements far their patterns. Besides Slman and 

' his co-workers (e.g. Greena and Simon, 1974), other, 'investigators. have also pursued the • 
problem af serial- pattern learning and the coding strategies thatjTSy,be-«emplayed by human 

/ subjects^Gregg, 1967;, Restle, 1970; Vltz and Todd, 1969). J ■» 

. j . 

^ The serial pattern continuation task appeared appropriate for the present Investi- 
gation for several reasons.' First, the rulers governing (the pattern cauld be yaried In 

difficulty. Second, these rules cauld be presented through the already-constructed part .,4 
- Of. the sequence shown to the subject or demonstrated through the actions af a model , ' • , 

constructing the sequence. Third, in extrapolating from the exampje and gen^cting a 
continuation af the pattern, the subject.wauld demonstrate the rules that have been 
attained by' means af pVaductive action^ there would be no need far generalization tasks 
to determine -the acgyulsltian af a ruleyfcf. Zimmerman and Rosenthal, 1974a).- Finally, 
with graphic material, the rules caujfc^be embodied In different dimensions af the elements , . 
to See whether sucb\ dimensions influence the induction of the rules and the continuation 
'. af the pattern. The^llnear desigjj/tised in the previous study did not'.cantain a systematic ' . *' 1 
variation of the different dlroelTsians that cauld be used far generating units (proximity, . \ ^ 
color, shape, size, numberf and, thus,' cauld nat be used to determine. whether same 
dimensions are niam^eosily utilized by children than others. 



The^ffily steady In which the seri.af' pattern cantnuatlan task had been used .wlfh 
chlldreri^Mt cauld be found In the literature Was that by Klahr and Wallace (1970). 
Although In the article It was indicated that several 5-6 year aid children were exposed 
ta such problems repeatedly in tfje course af a year^ the dota presented, were derived from 
'one 6-year,ald chlfd. The problems* consisted af series composed af a single geometric 
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shape having a distinguishable orlerftatlon, with, the pattern rules em bod lectin the color 
dimension and iMhe orientation dimension; varied either cotijointly or separately* 
Several series Composed of whole Integers or letters were also used. It was reported ihat 
children oOhe age studied were able to handle such problems, but tended to deal with, . 
only one dimension at a time* K was suggested that transition to Plaget's concrete * 
operational thinking might be required, for the simultaneous handling of more fhtan one 
dimension In Inducing the rule for the pattern $ 

The present study aimed to detqrmlne^Refher with age and cognitive. development 
children are able £q Indfuce different rules for continuing serial patterns. To characterize 
the developmental change, a dJstln6tion was proposed between concrete rules describing the 
example given and generic rules. Concrete rules (similar to KJahr arid Wallace's "template- 
. building 11 strategy) would pernjlt continuation of the pattern thrpugh repetition t»f the v A 
example; generic rders would permit production, of new examples fitting the rules, ^ 
Development was proposed to follow this order: 

'1 • There Is no Induction of rules, *The elements 1n the. example ^are 
viewed Individually rather than In relation to each oHier. Cqntlnu- ' 
ation does not appear to be rule-bound, (J 

f 2. The rule concerning the. periodicity of the sequencers grasped, 1«e#, 
the example Is viewed as composed' of units* However, the specific rules 
governing relations of units to each other or of elements within unlts are y 
not grcfsped or utilized. ' * ^ 

* 3* ' Non-generic rules are Induced from the example, but the vartbus ) 
rules are not coordinated with each other. ^ For example, d stem.don-* 
, slstlng of three-element urvits,wlth each unit composed of djfferefitly- - 

• shaped pieces with variations In size might produce the- rule J'they v f 

• come In three's, some are triangles/ some are squares, and some are 
circles. 11 - 

4, ^Non-generic rules are coordinated' with each other or. there Is 
evidence for one penerlc*rule. The generte/rule for the above example 
might be expressed as "Each three plece^tJnit.must be a different shape. 11 
Coordination of two concrete rules might be expressed as^'One unit 
must be triangles, the^next squares, and the next circles; the 'middle 
frlangle Is small, the middle square is larger, the .middle circle is 
still 'larger. H ' / 

5. Generic rules are coordinated, For the same example,' this mighty 
§3 expressed as "Each three-piece unit Is a different shape and the " ' 
middle (piece In each unit gets*progressively larger. 1 '.;; 

Examples allowing for contftftjations\at any 'o/ the five -levels outlined were 
selected far study. Moreover, the dimensions of color, form, and size were used to # \ 

delineate units and* to code relations between units as well as between' elementS-Y/lthin . > 
units In order to determine whether the rules were more readily Induced when embodied ♦ 
In particular dimensions. The literature otf perceptual salience of various dimensions 




suggests'that color is more saliten.fofpr younger Children, than* for older 
and Mumbouer, 1971), but that eWi children five to^even y^ars old 



ones' (e.g. O^Qm ^ 



make fewer 
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errors *when form Is the relevant dimension in a concept .identification task. Hierarchies 
of dimensional salience have been, found to chantje'witkdevelopment for the dimfensiohs 
of jprm, c^Jor, number, and position and dimensional soljence has been shown "tojelate * 
to" performance on problem-solving tasks^in 'which different dimensions are relevant 
{e.g., Odom and Guzman, 1972; Odom a>id Corbln, 1973), In a recall task, subjects 7 
from grade 1 ahd^Twere found to moke fewer errors wtien the.two c |den}ifying dlrtiensipns 
9f stimulus cdrds wer^ both highly salient than when only otje^as?. IrT the" latter case, 
subfects tendecHo rely on the pde highly salient dimension (Odom .and Corbin, 1973). % 
Consequently, the dimensions of form, color, arid size were systematically varied across^ 
tasks In the present study, altWougfi their perceptual salience was riot assessed' Independently, 

Method ' ' m ; " . 

Subjects ♦ A total? df 90 subjects were tested, 18 each from grades }, 3, 5* 
8, and 1 1 . The subfecfs wefelba lanced for sex la each grade and-came from the public * 
school system of Worcester, /Mass. An additional six subjects frottf the first grade and ' 
one from the third grade web tested, but not Included in the sample, because they 
failed to perform ad^uatel f y on the preliminary tasks\)r failed to.comp|ete>all tasks. 

Materials/ Simpje "geometric forms (squares, circles, triangles/ diamonds, 
ellipses, and rectangles) cjfit from 1/4 In. thick masonite in different zes and parted 
several different colors (red, yellow, i>lue, orange, brown, green) were used to form the 
stems forffi^jdTTferent serial patterns presghfed td the subjects, Tfie exact description of , 
the materials- for all the tasks Is glven*TnAppendlx Table Ai 3. ' w . ' • . V 

Shallow wooded boxes'measuring 1J In. x 13 in.^and'containjng thrW'Mefltfbl 
st2e compartments were [used to present the materials (or continuing the sequences to the 
Subjects* The boxes contained alt the pieces needed to Mid two ftiore units of the \ * 
pattertf according to the rulesembodled Iti the* stem, pieces necessary to repeat the .stem- 
from^the beginning, and a Tew additional pieces resembling those'in the stem for alt four 
problems ]n that series! The total* of 44 pieces were located In no*particuldr oyder fn the* 
box, but spread-out a^ much as possible to Increase the visibility <5f irtdTvidual pteces, • 
A different box was presented io the subject for each series of tasks* ▼ • • 




spare 

selection of pieces 'for eadi task, as .well as the^time to cofflfife 

record of the child's ccMtHuation of the pattern was made. TtieTesting session lasted 
dbdut 20. minutes, ill 

y Each cKild ^as^glven three preliminary task* to acquaint film with the type of 
task to be presented qnd t^ ensure understanding of the Instructions- used. " The first" task 
consisted of six browh and orange egua'l -si ze^f squares laid out In alternation; the child' 
was asked "Wfidt piece comes next? l1f and told "Try to continue, the^patterh* You can use 



the piecesjj-omj \hhj box. 11 The next task consisted of red diamonds and triangles alterndtlrtg 
by two's* TheHrkd tosk consisted bf triplets mode up of ye I low 'squares alternating between 
smaller and lar^r^slzed pieces between jriplets.^ For Jwthof these- tasks, the Instruction 
was simply "YryHo continue the pattern." if on one of The^ffrst two /asks d subject chose " 



an Inappropriate piece, the experimenter femoved the piece and Verbally highlighted 
the rule for the, pattern (e.g., for thcrsecorxl task, E would say f, Th^re are two 
diamonds, two trlangle.s, two diamonds, one triangle. What comes next? Try to. 
h contlnj3e the pattern. 11 *) If a subject stilf had difficulty tf/ith the thir.dtask, that 
subject was not Included In the sample for the study. * > , 

After successful performance on the preliminary tasks, subjects were told 
"j am going to show you some patterns that $night~be ryiore tricky." . They wbtve urged 
to examine the pattern carefully before constructing, the continuation and to take as 
long as^Bfey wanted. They were then shown~th§ already-constructed sterns for eight 
patterns, one at a time, ancMold "Take a gqod look and try to Continue the pattern 11 
after the presentation of each stem. Each continuation constructed by the subject.was 
accepted, but no feedback or reinforcement wasjji^n. ' • 

• The stems oj ^ese sequences consisted of three 3-piece-units and the first 
piece of the fourth unit. The sequences were divided Into three 'sets according to the 
dimension whl^H changed between units; there was a cblor set, a form set, and a size 
$et f Each set contained four sequentlal^attews. The first two. patterns exemplified - 
the use of a novel value on sorhe dimension between units 6s well os for one" element 
within the units. The third pattern exempli fiecl on alternation rule for triplets^ 
'similar to that used In .one of the preliminary tasks; The fourth pattern exemfwfled th 
use of a novel value on one dimension between units 6nd a role for changing the 
posltipn of pieces wlttyn units (Inversion or notation). The stems for th? sequential 
patterns in all three sets are depicted in Figure 3. 

• ' \ ■"■ t " ;• . - .. ..•> 

The subjects were presented with twc^of the three sets of tasks; pilot testing, 
suggested thot the younger children would not be able to complete all three sets in 
a single session. Six subjects from eoch grade were given-the color set and the form 
set, six others were given the col&r Set and the size set, and the remaining six were 
given theJorm set and the size 'set of tasks, Thus, each type of set was grVen^fo 
twelve subjects. The presentation 'order 9f the two sets given to each group of 
subjects was counterbalanced across subjects in that .group » 

* . *> * * 

The children were required to continue each pattern by adding five pieces 
to the stem, i.e. to complete one unit and to construct another whold unit, TKfe 
pieces chosen were recorded a§ well as the time taken, to put down the first piece 
and*to put down all five' pieces. Subjects were permitted to correct themselves ♦ If 
they appeared to be lookljig for^a piece they could not find, they were osked^what 
It Was and were given h&lp in obtaining such a piece. Howevet/ this did. not occur 
vdry often . J *' 
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Table 1 ' •; 

Category System Used to Score Pattern Continuations - %' 

* ' . • ' ■ ( 

Category 1 Continuation gives no evidence that the stem was construed 

, ds composed of distinct units* This levej Includes repe- \ 
; , ' . ti.tlon of the stem. 14 

Caty§ory 2 Continuation gives evidence that the stem was construed , 

as composed of units, but the units are other than triplets 
or they do not follow the between an$l within unit rules * ^ 
embedded In the stem. „ » / 

;Catej}ory.3 * Continuation gives evidence of recognition of Ohlts In the stem 
/ on the dimenslonof contrast between 'units, but no novel' 

# values of the dimension afe used. and no within unit rule 1$ 

consistently applied, * • . ■ • 



Category 4 Continuation, gives evidence of recognition of units and of 

both within and between unit rules, but noite-of them Include 
a novel exemplification. • • 



Category 5 m Continuation gives evldencerof t^ie '.recognition ePunlts and. 

of a novel exemplification of either the between or the wltlitfh 
, unit rule, but no evidence for the other rule. 



Category 6 % Continuation gives evidence of recognition of units' and of 
Both within and between unit rules, one of which includes a 
novel exemplification. 



^Category 7 % Continuation gives evidence of recognition ,of units and of 

novel exemplification of both within and between unit rules. 



C ategory System . Based on the progression of 'steps*outlined In the introduction^ 
a seven -level category system was consftucted to evftluate the continuations produced by the 
jiubjects. This category system Is given In Table 1 . The protocols of 15 subjects were scored 
Independently *b'y the two judges, yielding 98% agreement* The few disagreements were 
resolved through discussion a^the remaining protocols were t scofed by only one fudge/ ' f 



> 
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. v ' Prellmingry analyses were carried out to determine If Hiere yere any*ordgr of^ 
presentation effects. Due Jo the low numbej- of instances of .categories 2 and 5, categories 
2 and 3 at well cfs aa}e,gortes 4 aad 5 were ^combined foV these analyses,, yieldfeig five 
categories. Twelve chi-squfcre. analyses were performed (one for each task), with data 
.Collapsed across grades, fo see whether order of presentation of the task was associated 
with the category ^J&vel • No evidence for order effects was obtained cfnd orcjer was not 
Included as a Variable irf subsequent analyses. The results regarding time to complete these 
tasks will not Jbe presented, sirvce they did*not appear informative. 

Age Effects. To test the hypothesis that with age there is, ap Increasing InctucHon - 
of fhe rules embedded In the pattern's stem as we I la; an Increasing ability to apply these _ 
rules'ln continuing the pdfttern, both parametric and non -parametric analyses we^e carried ^ 
out on data scored using^e seven-level category system; , * 

' V • • : . , - ' 

Two 5(grade) x 3 (set) analyses of variance wer* performed Rising each group of 

six Ifldependent'subjects for the three sets.pf tasks In each grade (i.e., separate analyses 

Were copducted on the sets administered first and on tpe sets administered second). The 

levels assigned for each task werg added Jor the four tasks in each set to obtain cr subject's 

Score for each set.* Grade was found to be a sigfiiflcdn| factor in the'analyses on* the first 

^ grouping of subjects (F = 6. VT, df 4, 75, p £ .01) as well as -on the second (F = 4,Q5/ df 4, 75, 

p< *01). The mean scores" fcZ both groupings are givey Table 2. There was nonsignificant 

effect for set or for interaction of grade and set. * ^ 

Table 2 * 
,/ , Mean (Category Level Scores Across Tasks for Each Grade 

First Grouping of Subjects <: *i 
\ ^ Glade. \ ; , 

Set . t v "3 5 ' , ' > 8 11 



Colorset 4*;83 J . 9.67 ' ; 8.67" ;\ , 141-50, 11.67 

'Stze^et; 6.33^ .7.17 ^33 f - ') \ 13.00 ' 13.83 

*For?nset . 6.83 *. 12.00 ' , 11,00 10.83 * JO. 50 

Overall' 6.00 9.61 9.28 / 12^8 ' "112.00 

l M" ft? 

' , -\ - ' ' ' M ■ , A ' - 

. . ^ J Second GrdtSping of Sub|ecrs_ -. .-, 

. ; u .'*•,' "Grade . /„ 

Sef . . « 1 " 3* • ' 5 * 8 • 11 ' . 

Color set -8.67 • ' *- 11. 1> • / 8.67 ' 1*1.501, 15.00- 

%33 N . -11.00 *| 



Size set- . • 5.00 .. ' • /M7 >%33 N . - 11.00 \ 10.83 : 

Form set. . " 6.33 ' 7.17. ^ . 9.33- yj k 13.39^^ 9.33). 



Overall -6.67 .8.50 '""10.44 . 11 



< "Thfe effect of age was crlso examined by^means of A2 Kruskal-Wallls analyses 4 
of variance conducted separately for each task wjthin eacljset* In general, the-findirfg 
of changes In* performance wlthage was corroborated, but there were exceptions. In thfc 

color set, with colorjdeilne^ngj^ ejach task,. 

In the size set,*fffe grade effect was significant for each task with the exception of Task C,/ 
the simple alternating pattern. Here, performance by younger children was at a higher 
level tnQtybn the other tasks/ Finally, jn*the ,form set, the grade effect was not significant 
for any of the tasks, Younger subjects perforniedtat levels comparable to those on theother 
Sets, bijt the older subjects did nqt perform as well as on the other sets, minlmfzing age 
differences. The results of these an'alyses are shown in. Table 3/ , . 

^ . / \ * 

.0" ' 4 table 3" / 
Results* from Kruskah^_WalJls One-Way Analysesof Variance for Grade Effect 
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Set Differences. The 'two analyses of variance for gradfe and s^t effects reported 
jjbove did .not yield a significant set effect. The contribution of set to performance y/as 
further.analyzed.b/ performing 12 jchi-square. analyses on each of the possible pairs of scores on 
each .task (Tasjc^Color to Task A Size , Task A Form to Task A Size, Task A Ftfrm to 
Task A Color/Tcfek fl Color to Task B Size,*^tc.) for all the independent, subjects available 
foi^each comparison across grades. The same collapsed category system was employed as 
fhdt&used fp examine order effects. Few set differences were- obtained . Subjects performed 
differently on Task B from the coJonse't jhan from the.size set (X^ » W .25, df 2, p < .01). 
tlndbtfr Task B frorn the form set than from the size set (X 2 = 1 5 A 34 r df 2, p <^ .001). 
SfrnfTq^ly, subjectsjperformed differently on Task D from the* color'set thpn from.the size 
set (X 0 = 7,57, df 2, p < .03) and dlso on Tbsk D from the form set than from the size set 



■J 



(X = 8.40, df 2, p < ,02). These differences seemed to be due ta fewer subject scarmg 
In the middle categories when performing Tasks B and D7ram the si^e set. than on the 
same tasks from tKje other sets. With size as the dimension differentiating units, subjects 
either repeated the stem or constructed novel units, possihlAdiA ta the ordered charvge in *, 
slfce between units employedjn the stem (increasing rather thbn nan-directional) which 
may- have Inhibited a, non-ordered repetition of Uhits. 

* . Task Differences. The variation in performance due toVask wa$ examined by 
performing a S(grade) x 4 (task) analysis of variance an scares resuHjng from adding the 
category levels obtained by each subject an each task from the two sehswhlcb the subject 
Wtfs presented. The mean scares for eadh tosk are shown in Table 4. The^grade effect was 
significant (F = 5. 17, df 4, 85, p< .01) as well as the task effect (F = 3. 17, df 3, 255/ 
p< .05). A significant grade by task Interaction (F = 2.21, df 12, 255, p < .05) appeared 4 
'to^je due to a reduced variability in stores Tor Task C when .compared to the other tasks. 
Task C, the simple ajternating pattern ,^did not permit the introduotipn of novelty and, thus, * 
could not be completed correctly and show evidence of the use of generic rules. Consequently, 
the scores of the older children on this task did nat differ much from the scares of the children 
in grades 3 and 5. In addition, Task D appeared ta be somewhat hardeT than Tasks A and B, 
since the scores on this^ask did nat show as much evidence for the use of generic rules by 
subjects in grades 8 and 1 1 as did the scores for Tasks A ond B. 

Table 4 ' 
Mean Category Level Scores for Each Task In Each Grade 

I Grade * 
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11 
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3.44 


4.33 


5.05 


6.78. 


6.11 
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3.17 . 


4.72 


4.44 


6.61* 


6.39 












C 


3.44 


*• 4.4/ 


4.89' 


5.28 


5.00 


D 


2.67 


4:6i *~ 


5.00 


6.00;, 


6.05' 



Cochron Q's computed on category level scores for the fouV tasks in each set in each 
grade basically substantiated the "cone I t^sipns from' the -above analysis. Category' level 3 was 
scdred^slgnlficanFly more ofen for Task C (alternating pattern) than for the other tasks 
Trom grade 3 an in all three sets, with the exception of. the form set in grades 3 and 8. 

general level of performance .on^ these tasks can be depicted by showing the 
number of subjects who performed at a particular fevel on each task from the series fhey 
were given first within each grade. Table 5 shaws the number of .subjects wJbo at least 
picked up the! periodicity af the series and continued the pattern by constructing units 1 
Recording to the between unit ruJe embedded In the stem (category > level 3 or^better). 
As evident frpm Table 5, from grade 3 an, 'at least fwo-thirds of the subjects, continued Ta*lc 
C appropriately . * 



* Table 5 

The Number of Subjects' Performing of Category Level 3 or Higher 
' on the Four Tasks from the first Set Administered 

Tosk „ * 



Grade 

t 


.. A : 


B 


C 


D 


1 


5° - 


4 


, ~ 6 


3 


3 


8 


10 


*• 12 


- 7 


5 


10 


10 


13 


12 


8 


12 - 


. 13 


14 


14 


11 


•* 11 


11 


13. • 


6 



5!nce the number of subjects is addfed across the three kinds of sets, total 
N possible is 18. " 



In contrast, such level of performance was not reached by en equal proportion 
of Subjects in the other tasks even by grode 1 1 . Similarly, the number of subjects who 
picked up both the between unit rules and the within unit rules from the stem ond continued 
the pattern so^as to indicate a generic application of at least one type of rule Is shown 
In Table 6. ^No more than a third of the subjects performed at .this level on Tasks A, B or 
D (the threettosks where this level of performance was possible) even by grode 1 1, 

Table 6 # , 

The Numbpr of Subjects Performing at Category Level 6 or Higher 
on Tasks A, B, ond D from the First Set Administered 

; • < 

Task 0 



Grade 


A- 


■8 . 




D 


1 • 

1 


0 b • 


0 


*- 


0 


3 

> 


2 


3 . 




b 


5 


5 


1 


1 ■ 
J 


-* 3 


8 . 


6 


7 


l 


1 


11 • 


6 


7 


t „ 


6 



, .Tosk C was excluded % since.appropriate continuation did not score ot this 
level'. 

Since*the number of subjects is ddded across* the three kinds of sets, total 
N possible is 18. 
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Discussion 



Jhe difficulty thai' these tasks presented fa the subjects was, unexpected, 
however, there had been almost na empirical work done an senaToattern continuation 
by children previous to. this investigation. The arvly guidelines we^ hSe^sludy by 
Klahr and Wallace (1970) and the fact that the Stanford : Bmet |Q Test inc1judes,the 
continuation af a simple form alternqtion as'an item at MA six years. Twa screes for 
the difficulty af these taSks may be" suggested an o pasMhoc basis: the .materials use<3 
and the fypei af rules governing Jhe pattern. * 

Geometric shapes were selected as the rnqt^iaMn^arder ta minimize the require- 
ment af prior knowledge about the relations beKveenelements in the series. Series using 
whole integers rely an the subject's prior knowledge af the number series and sometimes 
an the additive and multiplicative* relations 1 between numbers. Children who ate just 
starting school may vary in the extent of sue-h *knaw ledge . The athdr source af serial 
pattens has-been the English alphabet, ^goih, yaung ihitdren may nat have equal 
knowledge af the order af letters in the alphabet end may not be able to induce a rule 
9 because af this limitation . The choice af geometric materials in the present study did nat 
require any "prior knowledge since na inherent relations jexist befween ,them; however, 
this characteristic af the materials may have created an 'additional difficulty, in that the , 
• subjedts could na* draw on any reody-made knowledge regarding possible relations and - 
hod to induce the relations from the irrformotion presented in the stem a*f each pattern. 'The 
abstraction af a relptio* may be more difficult than the recognition af a known relation. 
, The difficuCty that even Task C posed ta The subjects in this study lends suppgrt ta this 
"contention According to the distfncHon between rule-learning and attribute-learning 
drawn by Haygood and Bourne '1965), the tasks used in the'present study may be viewed 
as having requiredlnductian of relevant rules in conjunction with\elevant attributes. 

i 

Klahr and Wallace M970) reported ta hove used geometric shapes for ane 
* series In their study, but the rules 'here applied ta single elements; the problems did nyt 
require delineation af units. Far example/ if the outline af a short-necked bottle js 
used as an element in a series with a nerule pertaining ta.the colar af the bottle end the 
ather ta the orientation of the neck, the twa rules may be applied ta each element in 
turn and, in addition, ^hey can be applied separptely. The subject may determine first 
that the next element in the series has ta point dawn (in on up-and-down alternation af 
* ^ orientation* and then determine that it has ta be brown Hn a brown-yellow-blue series 
af colors). Klahr and Wallace commented that coordination af twa such rules was 
difficult far the children they tested. In the present study,* at least three sets af relations 
had to be determined and coordinated. The subjects had; to determine the presence af . 3 
units, then dete rmine the rule concerning change between units ^e.g. new calor far 
each unit, new shape for each unit, a larger size, far eadi unit) { and then determine 
the relations between elements within a unit. Tasks A'aod B could be more readily 
rarried aut by considering the elements singly rother than in relation each ather; 

* • « that is, d subject cauld perform relatively well by formulating the rule that the middle 
element Indifferent from the other tv/a in farm ar in calar, In contrast. Task D required 
the subject to manipulate a relation between 1 all three elements In. the prior unit in arder 

s*. — / ta d*etermine the ordering af the elements in the next un\t; that is t a subject npt only 

. < 1 * . 
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had to form the rule f hot the color of the elements rototes from right to left, but olso 
jto- consider the order of the colors in the prior unit to determine the exoct position 
of the elements in the next. The need to coordlnote q greater number of rules moy hove 
been the mojor source of difficulty in the present study. ^ *' % 

Despite the difficulty of the tosks, oge differences emerged. With oge,*and 
presumably with cognitive development., the subjectsWere obte to induce the rules 
governing eoch pattern more readily and tp demonstrate their knowledge of these rules 
by constructing a continuation of the pattern. The oge diffidences were clearest on 
Task A ond B from the color 4 ond size sets. Since the mojor xhqnges in the level of 
performance appeared to take ploce between grades 1 ond 3 and ogoin between grades 
5 ond 8, It seemed'wprthwhile to focus subsequent studies on these periods of transition. 
The relotU/ely poor performonce of subjects from grode 11 wos surprising. The subjects 
from this grode were interviewed following the odministrotion of the fosk< to ask them 
obout their understanding of the purpose of the tosks ond their ideos obdut the rules thot 
were Invojved. The interviews were not especially productive in thot subjects hod 
considerable difficulty In expllctly verbalirlng the rules thot they were using. However, 
they did reveal thot a proportion of the subje r ts construed the tosk as o spedd tbsk^espite 
specific .instruction to the contrary; consequently, they were concerned about putting 
down some pieces quickly rother thort spending thfe time to figure out the rules involved. 
In Subsequent work, it would be important to use some meons to increase the motivation 
of the older subjects to perform well rother thon Quickly. ^ 

The lock of effects due to set were.somewhot surprising* PrioV research on 
perpeptuor dominance of various dimensions suggested that the problems in the form set % 
moy be sotnewhot eosier than those in the oJher sets. Such wos not the case. Age 
-differences were* leost apparent fn the form set. but they were essenHoIly due to the 
poorer performance of older subjects rother thon to tetter performonce of younger ones. 
It may be that the complexity of rules Involved in these tosks overshadowed ony effects 

.due to percgptuol salience of the three dimension* used. > j 

»■ 

In view of the afge ond task effects obtained, tosks having the format of 
Tosks A or B from the color or sire sets seemed to, be the most opproprlote for subsequent 
studies. * ' * - 



Study III 

Effects of Modeling on Children's Continuation of Sequential Patterns 

In contrast to the report by Klohr ond Wolloce '19701, the previous study in 
thfs Investigation indicated thot sequential patterns which require the rooFdinotion of 
sevefol rules ore difficult for children throughout the elementary school yeors. The results 
from the previous study did not provide specific information obout the source of the 
difficulty. Broodly speoking. the children moy hove found It difficult^ to induce the rules 
for the pottem from the stem they were provided dncf therefore, they moy not hove been 
able to construct o continuation of the pattern o cprding to those rules. On the other 



hand,, they may have been able fa induce the rules, but tlienTnave difficulty coordinating ^ 
them and translating^ them into a continuation af the pattern. Oney way af attempting . * 
to delineate the source af the difficulty in these tasks is ta use a model ta highlight 
the rules involved in the stem. Better performance fallowing observation af the model 
Would suggest that inductibn af the rules far-the pattern contributes to the difficulty af 
the task, * 

* The sequential patterns constructed far ihh stydy were similar to two af the t.qsks 
used In the previous study (Tasks A and B) whicT^ftad yielded clearest performance differ- 
ences with age. These sequential patterns share two characteristics with the Serial patterns 
based on the English alphabet used in the research with adults«(e.g. »Katavsky and Simon, < 1 
1973): (1) they hove no unique correct continuation, although' there may be good con- 
sensus In regarding ane af the possible continuations as correct; (2) they can be continued 
Indefinitely provided the rules recycle ance the li$t af elements has been exhausted. 

The patterns selected had d definite "periadicrty", a relation that repeats at reg'ular intervals^ 
or Is interrupted at regulqr intervals. Simon and Katpvsky have suggested that in trying 
ta continue a sequence, subjects first try ta discaver'the periodicity in the sequence. 
Moreover, in the tasks used in the present study, the relations af ''same 11 and "different 11 
ar "next 11 (in case pf.slze) had ta be applied with respect ta units in the sequence ar with 
rejpect ta individual elements within units,. The model's activity in constructing the stem 
was designed to highjight bath the periodicity af the sequences and the relation af ''different 11 
between elements in the sequence. Even with adult subjects, there has been little research 
an the effect of mode af presentalion ar af the length af the-stem presented an the coding 
af the pattern ai^d the correctness af its continuation* It was nat certain that observation 
af the construction af the stem wauld facilitate continuation af the sequences. However, 
since the modeling wauld be relevant ta the task, it was thought that it might influence 
the behavior of children abl£ ta grasp rules shown. Since the previous study had shawn 
that the biggest changes in performance occurred betveen grades 1 and 3 and then between 
grades^ and 8 f subjects far this stgdy were selected ta represent the periods af change. 
The effect of observing a mode} highlight the rules far the sequential patterns was expected 
to be greatest for subjects who are beginning ta recognize the rules involved an their awn* p 
(n addition, It, was expected that changes. in performance Jal lowing observation af a model 
watffd take the, farm af the induction af an additional rule ar the caardinatian af ane rule . 
with another; consequently, it was expected that they would result-m-^antinuatlans ot a 
higher category-level . ... ♦ , 

Method <v ■ 

• Subjects. Ninety # children attendipg^grades 2, 5, and 8 in the Worcester,* ' t 
Mass. public schools were tested. Thirty chijdren, equally divided between boy$ and 
girls, were drawn frani each grade and randamfy'assigned tp either a control condition, 
arane of twa modeling conditions. " 

. * ♦ 

Materials. Geometric shapes cut out fram 1/4 in* masanite and painted various 
colors were used ta construct the sequential patterns. 

Eight different sequences were used; The stem far each sequence was made up 
of tO pieces and the subjert was required ta place 5 mare" pieces as a continuation. * 



COLOR.— SHAPE TASKS 



* " * 

<S> © <$> <$> ci5: <^ <3>S 4>^> " 
A<£>AA<2>AA0 A A 



COLOR - SIZE TASKS 



r - 




p 

B 
Y 
G 
O 

Br 1 



Red 

Blue 

Yellow 

Green . 

Orange. 

Brown 



) 



\ 



0 



0 



. Figure 4. The stems for the. sequence continuation patterns pres^nfed in Study III & 



> ■ 



9 

ERIC 



47. 



.' * '40. 

' ' ' > . v 

All the sequences had a periodic^ of 3. Indicated t?y a change in the color of the 

elements (analogous to the color series in the previous study) . Thus, the stem consisted of 3 

units and the first element of the fourth unit; the^subject was required, to complete the 

fourth unit and construct a fifth unit for each tosk. The' stems fdrthe eight tasks are depicted. 

. In Figure 4. 1 . \ 

Four of these tasks will be referred to as color-shape .tasks. In these tasks, the • , 
color of the elements was constant within each triplet, but changed between triplets. 
The basic form of the elements was the sam§ throughout the sequence, except that one~ 
element within each triplet 'either the middle or.the last pne^ differed in shape from the others 
and also from all previous different-shape elements. These tasks can be viewed os requiring 
" the subject to Rnd the periodicity in the se.quen.ee and then -to apply the relations of "same" 
and "different" to the dimension of color and also* to coordinate the relations of "same", 
' "different 41 , and 11 predecessor" with respect' tothe dimension of shape. 

The other four tosks will be referred to as color-size tasks. Their periodicity 
/was also signaled by a change In colbr, however, the one element wlfhih each triplet" 
which differed from the others differed in si?e raThgr ttsan shape. The change in size 
M for the different element occurred in an increasing or decreasing fashion throughout the K 
' sequence. It was thought that the colo^-size tasks might be somewhat more difficult than the 
color-shape taskijn that the subjects would not only have to note a change In size, but alsa 
to order the successive 'changes accordin^o magnitude. 

The pieces pertinent to each task were located Jn a separate shallow container 
in which they were spffead-out and semi-sorted. Each*box contained tv*o sets of pieces 
necessary for constructing the stern^ the pieces necessary to continue the pattern, and 
about 10 gdditionol pieces to permit'severql lower-level cdntinuations oT the pattern, or 
a total of dbout 35 pjeces. If durit^Tefstifjg^e .child appeared to be searching for o 
particular piece not in the cQntaiper, the examiner questioned the child and provided It, 

Procedure. All children were testecf Individually in a sepprate room in 
school • An adult male served as experimenter and as model In the modeling conditions. 
He was seated next to the child, facing a wooden^boord on which the pattern was to be 
built and the -contpiner with the pieces fop that tdslc* * Another experimented was alsa 
present to record the subject's behavior during task performance and the continuation 
construction for each task. The time taken to cpnstrupt the continuation was also noted, 
but the timing was done less conspicuously than in the previous study. Two preliminary 
tasks were gjven r similar to the ones usednn the previous study. One of the tasks presented 

\ dttem^tion of one form by color and the other alternation of same-color triplets by form. 
These tasks were used to make sure that alTsubjects understood -the instruction to "continue 
fhe pattern". No subject had to be eliminated* from the sample for inability to carry out 

- the preliminary tasks. < - 

• ^ -,\ o 

4 * 

Children assigned to the Control condition (C) .were then shown the already 
constructed stem for each of the eight tasks in turn and were simply asked! to "continue, 
the pattern" using the pieces available in the container for each task. The order of the 
tasks was counterbalanced, except tha], the color-shape and the colo^-size tasfks were 
presented In pairs. ' " , * 
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Children assigned to the Modeling Control condition (MC) saw the experimenter 
construct the stem for each task>by putting down the pieces one.at a time slowly and • 
deliberately, at an even pace. The model stood while building the stem and from time to 
time whistled. These behaviors were considered fo be Irrelevant to the task., Once the stem 
was built, the subject was asked to' continue the pattern . The procedure was Identical to * 
the C condition In other respects. - • • 

The Relevant Modeling condition (RM) was designedlo highlight the basic rule* 
for each pattern. The model put the pieces down in three's \n order to highlight the 
periodicity of the-sequence.* First, three pieces identical in color, form, and size were : 
put down, then one of'them wa^ exchanged for a piece differing Jn form or In sfze, depending 
on. the sequence, This procedure was expected to. highlight the dimensions defining cortstarffcy 
and change. for each^equence. tn other respects, the model b behavior was Identical to the 
MC condition. Once the st^m was built, the subject was asked to continue the sequence 
Just as in the other conditions, 

, r The continuations constructed by the subjects were scored using the seven-level 
category* System devised in the previous study (see Study II, Table 1). Scoring of a sub-sample 
of protorols by two judges Independently showed 96% agreement In applying these categories). 

• * . » 

, . " Results 

Non-parapiefd ^statistical analyses were applied to data consisting of the category 
Mevel scores for the continuations constructed by the subjects, Witcoxon's MdFched-Paitt 
.Sfgned-Ranks Test was used) to examine performance d^erences between tasks. The only * 
significant difference obtained was between Task 3 from the color-shape part and Task 3 % 
frofo the color-size part within grade 2 9f the MC'condition/ p = .02). It was decided 
that performance on the eighHiffejent tasks was sufficiently comparable to warrant the 

assignment of a single jevelicare to each subject across all tasks. 

4 1 ' \ 

Differences In the level of performance between the Hrst four tas^s administered 
and the last four tasks was also evaluafed>y the Wkjcoxon tesh A significant increase- 
\( p = .02) in the level score from the first four tasks to the lasHbur tasks Was obtained 
• for the grade 8. subjects in the C condition . "No other significant differences were obtained. 
Consequentfy, earh subject was assigned a single level score for all eight tasks Irrespective 
of their order. In most cases, this score was the category levelasslgned to performance 
on. four oiwnore tasks. In the few instances where the level scores Were more varied, the 
subjact.was assigned to that level which was manifest in the majority of hjs performances. 
*For example, with thr^, tasks at level 4, two' at level 6,.and three at leveL7, the subject , 
wduld be assigned the level score' of '6. since tasks- per formec^t level 7jjj£ludp the rules 
' evldenf*at level 6'/ The distribution of the level scores obtained by subjects'in each con- 
dition Within each grade Is presented in Table 1 . * y 

' .Kruskal-Wallls analysis of variance 'ondUcTed on results within each condition 
IndlcatedVsignificant grade effect In the C condition (H = 10.82, df - 2, p < .01) and ^ 
also a.slgnlflcant gradfe effect in the MC condition (H = 8.06, dt= 2, p «\02). The 
grade effect in the RM^pondifion was not significant presumd Jy due to the higher levet 
scores obtained by grade 2 subjects i,n this condition ♦ « 
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The Number of -Subjects Scorfng at Each Category Level Wltr* Each Condition. 
Grade 2 - . • . 

■ ^ ■ ■ V \ 

. - • • Category Level 

4 % 5 * 6 



Tabh 



• V 



Condition 


1 


2^ 


3 


c 


1 


4 


2 


MC 


' 3 


. • 1 


0 


m 


1 


1 


1 


Grade 5 




- 




Condition 


1 


2 


i 

3 


C 


1 


0 


0 


' MC 


1 


' 0 


0 


RM 


1 


.0 


, • q 


Grodp fl 

l UUC \J 

0 




- , i. 




Condition - 


A ' 


>m 2 




C 


1 




— "^0 


MC 


0 


0 


'<rv> 


. RM 


.o : . . 




• "v 




V 


* 


V * 



2 
0 

Q 



0 

o' 
1 



•Category Level" 

5 . 



4 

f 

1 

0 



0 
" 2 
- 1 



1 

'6 
4 



6 

7 
5 
4 



0 
0 

-r 



•-Category Levef 

_ ' r* 
4 



•J 
•0 

"1 



i 



-a 2 

o 

3 



. 7 
1 

; 1 
4 



7 

•6 
6 
5 



Within grade 2, level qf performfince^ in the R$1 Condition Vas,foun<^tq*be sign!- 
. ftcan Hy highdUhan level of performanc/injthe & ^tl^tori ([Klruskal-WdHls, p <,05), < 
„ . Indicating that rule-hlghllghfipg taodelita was effe^^J^^. \ ; V t 

- The modePs Influence was evident in other expects* df'tlie sbbfects'ijgfidvtor v. 
| during performance. Whistling and standing during work, brvthe. pattern were'tpnceived 
, to be behaviors Irrelevant to the fask, The whistling was <&ne by only pne grade 5 child." 
t - tn thfeRM condition. Standing was much more frequently copied*, possibly (pecayselt 
was sot^ewhgt4r^Tpful to the younger children in attending to the whole, dafcijgt). A more 
relevant aspect of the model's behavior jn the RM conditi^was the builjnng of each unit, 
frcftn Identical pieces", followed ky the exchange of one piece for d different piece. Some 
sub|eci«^mj1«ted these actions; others engaged in a related action whe^by they 'first placed^ 
the two Identical pieces, keeping a'^ace for the different piece, pnd th en Inserte d the 
different piece. , These data are presented tn Table 2,- ^ , * - -I 11 " 

• Finally, the time taken to complete the tasks was examined .^In terms <*f the lev^ll 
score, tl^e color-shape tasks were found to be no easier than the color-size tasj<s, ^ 
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Table 2' 



Mean Frequency of Jmitation oMhree Aspects of the MpdePs Performance 



S 



Standing During Wb^k on 


rne^ rajrem *\ 






Condition 


Grade . 




• \z _ : 


2 


. 2;1 


' . 3.5 ' /» 


5 


3 . 1* 


5.5^ 


8 ' ' 


" 1.5 


0 



G — 



4® 



Exchanging Different Piece 



RM • 
.2 
.1 
3.1 V 

seating Different Piece 




* Grade 
2 • 
5 

' 8 * 



1.6 
1.2 
.6 



Condition 

' " J MC 

o — 

.1 

o . 



Condition 
. MC 

o' 

.3 
-• .1 



.< 



m 



A 3 (grade) x 2 (type of 'task) analysis of variance on1"he time measure -showed 
that at all grades children took longer to complete the color-size tasks than^th^ color- 
shape tasks (F,= 4,47, ctf 1, 117,, p < .05). There was also a significant grade effect 
(F = 10.03, df 2, 1.17, p < .01), with the older children taking sfgnificantly^less time , 
to complete both the color-shape tpsksifF = 8.26, df 2, 111, p<.01)and the.cofor-sfze 
tasks (F = 5.34, df 2, 111, p< ,01). There was Ko grade bjrtype of task interaction. 
These results are^ presented in Table 3. There was no significant condition effect 
(F < 1 .00) In time to construct the continuations In ahy of the tasks. 



Discussion 



The results obtained in this study suggest that modeling which highlights the' 
rules governing the patterns for these sequences may affect the beJhayior of spine childreh 
(grade 2 children In this study). On ly^onS* subject in the C condition picked ^up, the ruJe 
pertaining to novelty (each exemplification different ffoni all predecessors on the dWieft^on 
of contrast) with respect to tit least one feature of the patte rn, while 7 out of 10 children 
In the RM condition did so. ■ ' K ' • " 
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> table 3 • "**•'* 
Mean Time. ln*Seconds to Complete me Sequences 



CoTor-Shape Tosks 




Grade 


* } 




Condition 


2 






RM . ; 'y 


'166.5 


* 141.0 ' 


136.5 




MC . 


153.0* 


153.5 


105,5 : , 






164.2 




118*.2 




Color-Slie Tasks 




. 

• 

Grade 






CondtMon 


2 


5 


8 




• RM 


170.0 


163.5 


.140*5 




MC 


181.0 


193.0 


• 110.5 




i - 

c 


,166.5 


175.0 , 


120.5 





However, an almost equol number of subjects In the MC condlMon also picked up the rule 
pertaining to novelty. It could be argued that the model's actions In building the stem 
for each sequence were sufficient to focus the child's attention on the pattern and, 
.\ consequently, the child could more eoslly Induce the "rufes Involved. The,r«sults 
obtained do not permit on unequivocal Interpretation of the modeling effect either 
In terms of Information pertolnlng to the^rules Involved or In terms of greater attention 
to the task^Twhlch In Itself might facilitate rule induction. k • 

>•*" ■ ^. 

Two aspects of the flri"dtngs suggest thatmodellng may have acdbmpftshe'd more 
than |ust Increase the child's attention" to the task. First, the conditions did not differ 
with respect to HTe time taken to construct the continuations. ~At least while constructing . 
their continuations, children In the RM an^MC conditions were no more deliberate and - 
reflective than children In the C condition . 'Second,' there was evidence that children 
In the RM condition Imitated certain ospects of the model's strategy with respect to *the-~ 
wlthtn-untt rules (exchanges ana" Insertions of pieces). Imitation of this strategy moy 
• have facilitated conception of the rule/ as generic v ^^K* 



1 * The lack of a modeling effect In the higher grodeswos, essentially due to a 

■ * .cetllngejffect; that .Is, subjects In all conditions scored at the two highest levels on the 

tasks used In the present "study. In comparison to the previous study,, subjeots In the^present 
study seemed to find thgse tasks easier. Two factors may account for this discrepancy; 
' ftrst, subjects In this study come from a somewhat higher socio-economic background than 
did subjects In* the previous jtudy.^ln one study In which somewhot similar sequences made 
up of circles, squares,' trlongles ond crosses as elements were" presented to '\0 1/2 year 
old students for extrapolottpn (Engemonn, 19-74], It. was found thot scores on a^tradtttonof t 
Intelligence test correloted with odoptionofonure sophisticated strotegy for extrapolating 
' * , , ' 9 *■ 

♦•• • ' v •• , ' _ - 
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} such sequences. If might be that tlieHampl^s jgfchT^ 

Investigation differed In Intellectual level. Second, because only one basic task type 
was used tn this study, each child was exposed to several repetitions of essentially the . < 
same task. Since no difference In the level or performance between the first haff cjind 
the second half of the session* was obtained, a simple learning effect does not seem to 
* . be Implicated. However, the essential similarity of the tasks may- hove hejped the 
children to. focus tn on picking up the rules Involved. 

„ V* Finally, It was thought that a more detailed category system rnlgVit be more 
sensitive to performance differences. Prlot to an bttempt to replicate the findings of this 
* i , study, the pattern continuations obtained here were used to generate a 14-level ctkejjory 
system. Application of this category system did not al+er the results*, but allowed somewhat 
, greater dlfferehtlaMon of performdn.ee' at the higher levels* ** 

* * 

v Study IV , 

Relationship of CognlMe Abilities \o Children's Continuation of Sequential Pdtterns 

* - • 

Since the sequence continuation tasks require- processing dfjnformatlon directly^ 
ppirtlnent to each task as well^as rule conceptualization, It seemHlkely thaKp^erformahce 
6n these tasks would be related to cognitive development. The results obtained In Study 11 ' . 
" Indicated thah changes In the level of children's continuation's of sequential patterns 
° occurred between grades 1 and 3 and then again between grades 5 and 8. It seemed of 
Interest to relate the level of sequence continuations to performance on several cognitive ' 
?asks tapping concrete operational Teasorjing, The specific tasks chosen were thought to 
assess abilities thbt might be considered fcrbe Involved also in abstracting the rule* 
governing. such patterns r Moreover, since the ages of the children In these grades 
corresponded roughly to the appearance of cohcrete operatlonaj reasoning and the consoll- *" 
datlon of such reasoning, cognitive tasks selected were bnes that P[aget and his corworfers 

' ^ considered central to thlsperlbd* - • . - 

"• i— h e ' ' * 

The cognitive tasks useli Inducted a class^tfersectlori task, a myltlpllcatlVte 

* classification tctflk and aVdltiple serlatlon task (Inhelder and Plaget, J 964). The das* 
Intersection task regulres the subject to coordinate two separate progressions and to select 
an object for +he Intersection having appropriate characteristics for both progressions,. 
Such ability was thought to be related to that needed to coordinate the periodicity of the 

* sequences markedly changes on the dimension Indicating the units of the sequence with 

the constancies across units. The multiple classification task uses two dimensions for 
" ordering the Items and treats each exemplification as representing values on both dlmen- 
. stons. When presented In the form qf a matrix, this task Is facilitated by the perceptual 
- fit af the correct element^ It was thought that abilities tapped by, the multiplicative 
******** classification task were related to the coordinations needed In the application .of +he 

wlthlnrruntt rujes In the sequence continuation tasks, ^fhe multiple serlatlon task r^lres 
the establishment of transitive relatfons along two dimensions and the coordinated ordering , 
of thes^reiatlonsT It was thought that th\s ability might be reflated to the systematic ordering 

• of changes In the variable- pieces across units, particularly in the colbr-size tasks. The 
appearance otthe four logical groupings associated with simple and multiplicative , 
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' classification and Simple and multiple sertatlan mark the attainment af concrete opera- 
tlonal..reasonlng^ Although simple serlation and class-inclusion tasks have been used fa 
numerous studies af children's cognitive development*, there haye been relatively few 1 studies 
concerned with multlpjicatlve classification and multlpl^serfatlan tasks and even thase Were not 
partlculdHy* concerned with replicating Plaget's procedures (e.g# Mack6y, Fraser and Ross, 1970)* 
In the present study, 'Inhelder and Plaget's (1964) procedures were fallowed. 

0 In Addition, the sequential pattern task'. with geamefrlc mdl^rlals Scribed by 
Klahr and Wallace (1970) Was included In carder to be able to compare the^erfarmartce * 
of subjects on their tdsk. with that on the types af tasks used In- the present investigation . 

c Stnoe the modeling effect was obtained only far grade 2 subjects In the previous- • ? 
study, the presgnt*tudy qlsp trie^ta replicate fhe ! modeling effe'tt. Gfijy the modeling 
procedure that hatl a significant effect on. performance was Included. It4vas expected % ' 
that differences In performance an the cognitive tasks wauld.be relatedia the level af 
continuations of sequential patterns and possibly to the defyee of facilitation derived'fr.bm 
^observing a model highlight the rules af the patterns, • 

, Method 

Subjects." The children were drawn fram the same schools that had^^rtldtpated 
tn the previous study, except that grade 3 'subjects were drawn, fram^pnather' comparable 
School, because they wauld have been the same chtldren'wha participated In the previous * 
•jtudy^as grade 2 subjects, A total af 112 children participated In this study. Twenty- ^ . 
twa children framtjgrade 1#Jjtfenty children from grade*2; thirty children from grade 3,^ 
thirty jclMdren fram graded, cmd ten subjects frdm grade 8 were tested an ,the sequence 
continuation .tasks* In each grade, the children were randomly assigned to one af twa 
conditions.. Nineteen additional subjects were approached (10 from grdde 1, 4 fram 
grade 2, and 5 from' grade 3), but nat Included In the sample, because af failure to complete, 
the preliminary tasks. . Only gradfe 3 and grade 5 subjects were v given the cognitive tasks. 

% Materials. Far the seqtjence cantinuatjanjasks,. the same materials were used 
as In the pr'evfoos study. * * , \ « • < 

* Far the cognitive tasks, the designs were drawn an heavy construction papeMn { 
colored pencil* the choices far the twa classification tasks wiredrawn an 3 In, x 3 in. • 
cords. The sertatian stfmull were also drawn an the same^slze caj;d$-V ' * 

In the sequence continuation tasks modeled after Klahr apd [ Wallace (1970), the 
child was_presented^wlth the stem drawn Gtf--a-strlp af construction f>'aper and weft asked 
to draw In the piece ihai came next itf tjje sequence. The sferrfe far these sequences are , 
. depleted In Figure 5. " . ^ \ 

- > \ ,%i ~ r . 

- Procedure . * All the subjects weje tested In a spare roam In their schdpL Far 
the sequence continuation tasks, the procedure was identical ta that used in the previous 
study, except ^that a different gcjult male served a* the experlmenter-madel.and that ?i 
only the C and RM conditions were employed , 40 \ - A 
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About a.month following the administration dHhe sequence continuation tasks, * 
jubject* In grades J and 5 were gly^n the cognitive «tasks lr\a second session* Two 
subjects from grade 3 had moved and were not Included In the samite. The five sequence 
continuation tasks modeled after Klahr and Wallace were presented first, fn all these tasks, 
colar and artentatian were the twa dimensions relevant for.the patterns and varied, indepen- 
Henfly. The orientation af the'sharplypainted triangles alternated direction, whije * 

^ color't'epeated^every third element, vMth the exception af ane task. The subject was shown 
the stem af each^pattem In turn arid asked to "draw what cpmetnext 11 after taking a good 
♦ look at tiie pattern. Five colored pencUs were made avaMable andihe child was asked ta 

|rv^u$e the cafar which he thought was besf. * 

Thpee multiplicative classification tasks were^presented next. For each task, a 
— feurrfoldimotrlx was presented alrebdy^drawn with the bottom right cell empty. The subject 

" wqsJ^own 8 chol-ce card* from, which ta sele^ane for the empty cell. The Instructions 
werg H tg find the picture that goes with th^ath^r three 11 * The subject Was told that the 

^pltture selected has to fit both ^th the p/ctures in t||g top -rav^ and with the one an the * 
left and was encouraged ta try all eighKnth? space av8llable*befare announcing his, 
choice. The relev ant dimensions were.shge end calar far all three t&ks.. They yere 
modeled after matrix * 9 from Inhelder and Piaget (1964,. p, 161) except that the specific 
stimuli portrayed were geometric shapes Tn the first task, fishes and turtles in the second 
task^ond fruits in the tjilrd, Performprjce was coded iri terms af the choice mode by the 
subject. No jgstlficatlan far the choice was Required. 

v Tfyee slass Intersection problems were presfented next^ 'FaMhese problems, four 
Instances af e/rfch blass wefe portta/ed and .the subject was asked to Select a picture 1 
frbm an grrpy of 8 choice cards that wauld best fit vyith both progressions. Tne subjects 
were £nc^rdged-+o tFyall 8 cards before maklng'thelr flnaf decision. The correct . 

* choice required a coordination' af the dimensions of form and color, since in all three 
tasks ane af the progressions consisted a f items identical in colar but varying In form and 
thg*other progression consisted of ft4ms Identical In form but varying In cplar.* Two of 

• the talks used geometric shapes as stimuli' and the third depicted common objects. 

The multiple serlatfon task consisted af a 5 x 5 matrix wfth the dlmenslonsof size y 
and shading varied, using circles 6s stimuli . ^11 24 cards were spread aut in front af the 
subject In an unorganized way and the child was Instructed" 1 ^ artfancfeJhem In the bpst 

* way you think they ^should go." If ^nse'rlated classes were farmed, the child was asked 

to arrange the cardsS^fferenfTy . If jtill na double serlatlan was produced, the experimenter 
seriated the largest circles iiv^q row according ta shade. The child wps then insfVycted to 

^drrcrig^wha* goes underneath. 11 If again na double serlotfaft was produced, the experi- 
menter seriated the column af the darkest circles according^ size. The child was cflked 

Jajarrange the remaining card*. - The arrangement made by the child after eachjjrampt 
was recorded . 

' • i •. . . ■ ■ _, •' 

The expended category system devised from the data af the previous studv was 9 
used to score the sequende continuations* The, category system \i given in Table H 
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1 Table 1 , . " * 
Pourteen-Ievel Sategory System for Scoring Sequence Continuations 



• Category 1 
Category 2 

0 

Category 3 

# - » 

CaMjpry 4 
Category 5 
Category 6 
Category 7 
jCategory 8 

(Category 9 

Category" 10 

* < 

Category 11 

Category 12 
Category 13 

r 

Category 14 



Continuation shows no recognition of pattern/ . r_ 

Continuation does not- Incorporate- the last |>1ece of the stem, 
suggesting no recognition .of units, withlp the stem. Use of a 
cdptng strategy was included here. 

Minimal recognition of fSattenTlndi opted by the application of cf 
"same-different" rule; this rule Is not applied consistently through—* 
out the continuation to the jame dimensions of the pieces, and does 
not result in the construction of triplets*, ♦ 

' v , ' ) 
Same as Category <3, except that the "same-dfFferent" rule Is applied 
consistently to the same dimension, ^ v 

Continuation shows ^vldeOte of recognrtioh' of periodicity in terms- 
,of triplets on some one dimension. 

Continuation shows evidence of recognition of periodicity in 

terms of two dimensions, but na consistent within unit rule is evident. 

Some as Category 6 above, except that a non-specific rule c6h- 
cernlng-Jwithin-unit cfiange is also manifest in the continuation. * 

Continuation shows evidence of the correct grasp of between' unit 
rules- of the pattern, except for novel* exemplification . A non- 
specific rule concerning within -unit cfiahge is manifest. 



Continuation shows grasp of co 
for novel exemplification. W 
specified. / 



jiVect bet\ 
i thin-unit 



tween-unit rules, except 
change is incorrectly • 



V 



.Continuation shows grasp bfxajrect'between-unit rules, except 
for, novel exemplification. Specific within-jftiit change rules 
are evident, except for rjovel exemplification. 

Thefre Is evidence for correct between-unit rules which include 
novel exemplification. A non-specific rule coneming wlthln-l/nlt 
• change is manifest. 

SaRie as Category 11 above, except that withln-unlt change Is . 
incorrectly specified. 

Same as Category 11 above, except that specific wfthin-unit chafrge 

rules are evident, but -without novel exemptffl cation. 

' * * • • 

Continuatfoa gives evidence of correct navel exemplification of 

£oth between and within-unit rules. . " * 
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The results with respect to'trte effect of modeling on the level c)f sequence 
continuations essentially replicoted the previous study. The level scores combined across 
+aslcs for subjects in # the C condition ond in the RMcondition were cdmpored within eoch - 
grade using the Mann-Whitney test. Na slgniflcont condition effects we> obtolned for 
grades 1 qnd 2. Subjects in the RM conditipn ottoined significantly higher I eve } scores 
In grode 3 (U * 54.5, p = .02) ond In grode 5 (UP 27, p = .002). In grade 8, the con- 
dition effect was not significant. The level scores ottoined in the two conditions ore 
given In Table 7r. • \he finding of a significant modeling effect in higheV,grodes than in the 
previous study was thought to be due to the time in the academic yeor when the two^studies 
were conducted. The previous'study wos conducted late Ir the ocodemic year, so that the 
grade 2 subjects bad olmost completed work in thot grode. In contrast, this replication 
> study was conducted in the beginning <rf the school yeor, so that children in grade 3 
were just storting work for f hot grode. Moreover, the lack of o slgniflcont modeling 
effect in grade 2 wos partly due to the smoll N . Wnen aota for g'rode 2 subjects from 
both .studies we're combined (N = 20 in eoch condition), o si'gnificonf mode'ling effect wos 
obtained (U = 1 17, p*^^ ; ' 

. T'oble-2 . y 

The Distribution of Level Scores Attained by Subjects In the Two Conditions 

Gfode " » 

* 

J, Condition 1-4 5-9 - 10 11-13. 14 - ' ' 

' * ' C & • ' 2 * 0 * . - .1 0 . 

RM 5 3 v 0 ' 2 - 0 



2 



• 5 



c 6 3- . -6, - i. rr 

RM • 4 1 * 2 3 0 

r 

C. 7 1 " '4 .3 .' ' Q 

RM 1 1,5^6 2 

■C 5 . 1 6 ~ . * 2 "l , 

•RM 0 t 0, l' ' .5 

C 0*0023' 

<£M ' 0 . 10 2 2 
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4 N Comparison of the four color-shape tasks with* the four color-sbe tasks Indicate^ 
that subjects In grade 3 attained slightly higher scores on the color-size tasks. However, 
performance of subjects In the RM and C conditions differed significant or>bath types of \ 
^tasks taken separately. I 

• • * " ' * f 

There were clear changes in performance of the sequence continuation tasks 
with pge, Kruskql-Wallls analysis of variance showed a significant grade effect In both 
the C (H=*7.5, df V p < ";001)'and the RM condition (H = 27.0, df 4, p<.00}>. However 
comparisons of adjacent grades indicated that the significant change in lev^l of performance 
occurred Between grades 5 and 8 in the C condition and between grades 3 and 5 In. the , 
RM pondftfon. This Wnding supports the, previgus conclusion that observation of ihe'madel 
constructing the stem for each pattern lncrea§es the frequency of higher-level continua- 
tions among younger subjects. » - 

- - ' _ Tob|e ]L 

The Number^of Subjects who CorrectlyJM^tinued the Klahr and WoNace Sequences 

* Number of sequences continued correctly 
Grode - N 0 ' 1 2 3' 5 

' 3 28 * 19 5 f 1 2 I ' 0 

5 30 11 8 3 . 4 3 1 ' 

The level of performance on the cognitive tbsks was generally low far both grade , 
.3 end .grade 5 subjects. Even on the Klahr and Wallace sequence continuation problems^ 
the degree of.success was .low, although grad^ 5 subjects did Better than grade 3"subjects, 
•as shown in Table 3. Jhe incorrect continuations were generally doe to failure to co- 
* ordinate the rwp dimensions of change; . subjects either drew in 'the correct orientation or 

the^correct color, but not both. Jhere was no cfear'feviderice thqf either dimension was 
.more sdfllent from the incorrect continuations., There was alsorro difference In performance 
between subjects In the two modeling conditions or? these problems. * 

* 1 X — * 

✓ • V 

1 * \ . • Tabl^4 " : 

The Number of Subjects who Correctly Solved the Multiplicative Classification Problems 

Number af problems correct 

Grade N 0.1 2.3 v - 

' .3 ' 28 17 5 • ' 4 • ; . v 2 

•5 30 * U ■ 8 7. 3 s 

On the multiplicative classification problems (matrices), about half of the 
subjects foiled to make even, one correct selection, as shown in Tobje 4. Grade 5 subjects 
did somewhat^befter than grode 3 subjects, although the errors mode seemed to be similar 
In bothgrades* Some subjects adopted a strotegy of selecting o picture that matched one 
. of the three already given in the matrix T+tose subjects wko attempted to coordlnatejnore 
than one dimension^ made two types of errors* They either focussed in on one of the pictures* 



tn the motrix, bnd changed It In only one dimension, keeping the two other dimensions 
constant,, or, they selected to fill the empty cell by selecting.o picture thot motched 
the to{> object In some one dimension ond the left-bottom object in another wiKjout 
considering the motrlx os o wf>ole # " * 

.Toble 5 ^ 

The Number of Subjects who Correctly Solved the Closs Intersection Problems 

Gcade N' 0 1 * - 2 3 

3 , 28 . 14 3 5 5 

5 30 10 3 5 12 

* 

Overall, the^terformonce on closs InteVs^ction problems wos quite similar to thot 
r ojr» the multiplicative classification problems, ps 'shown in Toble 5. There was no good* 
relationship between performance, in the f^o clossifi cation tosks, however, except thot 

aw fn^ersecNon appeared to be ochi^ed somewhat prior to multiplicative classification . 
No subject who succeeded on oil thrfe£ ^^tiplicotive cfbssflcotion tosks'folled all closs 
Intefsection problems, "although there \vere some instances of the reverse* T^e errflft 
mode on, the closs Intersection problems were ^omewhot.different in the two groderP In 
grojje 3, subject tended to select o picture matching one of thosfe odjocent to the 
empty cell* In grode 5, subjects tended to be correct on one of the dimensions, but 
copy the other from one of the two progressions^ * • - 

% ^ ' * - \ f ■ 

. Toble. 6 " . * . V ( * 

The Number of Subjects Forming oOouble-Seriotion Matrix Afte* Different Prompts 

Spontantaneously Top Row Serioted by E One Column Seriated by E 
Grode N i * . 

3 28 0 11 8 5 

5 30 4 ^ 13 " 7 - 



On Ihe multiple seriation task, very few subjedts eveft in grode 5 constructed 
the double seriotion motrix. With help from the experimenfer, o number of children 
Succeeded In forming o motrix, cs shown in Tabled. Practically no instances were 
observed of subjects who would seripte with grouping an only one dimension, thot is, 
where strings of pictures serioted by. size or shading would be constructed, with the 
other dimension kept constant, without -b&Ing organized into a matrix. Such behavior 
wos recorded by Inhelder. and Pioget (1964). 1 # 

* * « * 
Corss-clossfficotion of subjects fn both grades revealed very little consistency 

In performance across these four types of tosks. To some extent, the low consistency 

performance across the different Piogetion tosks wos expected, since £uch low con- 
sistency hos been the most prevalent finding* in studies on cognitive functioning within 
the cbndrete operational period/ Nevertheless, by grode 5, some consolidation should 



have bpen taking- place and greater consistency mfgh't have been anticipated. More 
disappointing was the lack of relationship "between performance on the Plagetlan tasks 
and'the level of continuation on either the* Klahr and Wgllate sequences of the ones 
used in* the present study. There was.no relationship even In performance on the two types 
of sequ^hce continuation problems*"* / 

• \ * ' 

* f hi' i * 

Discussion - , * 

» * * * . 

% m The replication of the modeling effect on the level*fcf continuations constructed 

by sequential patterns suggests that observation of the highlighting of rules Involved In suck 

patterns facilitates Induction af these rules in children who possess some, capacity fo operate , 

with them. Modeling was not effective with the.grade'8 subjects since they were performing 

at the, top levels spontaneously/ bearing out the finding in the previous study that such 

sequences are mastered by "grade 8. With more intricate patterns that would be difficult for 

older subjects, modeling highlighting their rules would be exepcted to be effective for 

Such older subfects. The limitation of the modeling influence to a particular age. range 

should not be 'taken as a general finding, but os due tathe particular tasks and demonstration 

'strategies that were selected In the present study* - ^ ~ * 

Given the age Ljgld found In the level of sequence continuations, it still seems # 
reasonable to assume tha^ognittve abilities are related to rule Induction 'and, rule' 
coordination i . The failure to pbtain # any 4 >elationship between the Plagetlan tasks and 
performance on the sequence continuation problems may be due to several factors* First, 
the cognitive tpsks selected may have been inappropriate, although on logical grounds they 
se'e& to tap* similar obi 11 fiestas, the sequence continyationjcfcks. Fu&thetmore^the child, 
was asked to make a choice An \hg PiagejUan problems and scorlag was made on the basts 
of these. tehotces (a Rll-ln proced^-e); a' clinical procedure was not foUowed and explan- 
ations, folc choices were not elicited. t It is conceivable that a mare clinical and detailed ' 
administration of the Plagetlan tasks would reveol relationships that^were not founcJ in 
thepreient stydy. Also, the mujtjple serlation and the miltlpl? classification tasks may 
be more difficult than has been assumed / The difficulty of the multiple serlation 'task iias 
been noted in a previous sttjdy (MacKay, Fraser and Ross, 1970). Similarly, Overton 
and Brod2insky (1972) found that the multiplicative 1 
afld Plaget's procedure was difficult for grade 3 children. More variance In scares on'such 
cognitive tasks toay have to be obtained tp show any relationship to performance on other 
tasks* 4 Finally; performance may be much more'context bound that has been assumed in 
cognitive theory* ToussaintXl974) has pointed put thatvarious test slftjdtlons which may 
be equivalent In terms of logical or structural demands may have very different infomiation- 
processing requirements. The latter type of differences .may account for th^Jow correlajtdns 
found.rep^ldly between performances on different tests* of concrete operational reasoning, 
Stffltlarlx/ while different types of sequeifce continuation tasks may demand rule induction 
. and rule coordination, eVen utilizing similar perceptual dimensions, there may be sufficient *" 
.Specificity In the tasfo to peijmlt Very varied performances on thepf. This latter point Is * - 
^supported also by the finding af little relationship between performance ort the two types of 
sequence continuation tasks. It moy be that prior to forrpal operationaLmlkklng, rules tend 
t$ be construed non-g$nerlcally, giving cohsiderable weight to specific contextual factors. 
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* Construction ond'Recognltlon of Continuations for Sequential Patterns 

• * ' -I 

The finding that modeling affects the level of continuation of sequential patterns 
suggested that help with the Induction of the rules of a pattern facilitates performance. 
The .preserft^ttldy was almedat Investigating, whether the other facet of the task — coordin- 
ated application of th^ rules in constructing a continuation — accounts for some of the task 
difficulty^ it has been found that for many cognitive activities, passive knowledge, exceeds 
active knowledge^ Fa; example, this seems to hold for language In language acquisition 
(e.g., Goldfn-Meadow, Seligman and Gelman, 1976) and for memory In terms of better ^ 
recognition memory than reproduction memory (e.g., Brown, 1975a) Q . GeneraMy, In • 
situations requiring passive knowledge, the context provides o some support for the schema- 
tized knowledge that Is required. Where choice has to be made among alternatives - 
already given (recognition), the alternatives contain cues for the requisite knowledge. 

The present study attempted to determine Ifechildreri, would show a better grasp' 
of the rules for sequential patterns when required to recognize an appropriate continuation 
than when required to construct It from available materials. . * 

' ■ \ ■ \^ 

^ethod ^ 
* ~ ' - 

Subjects. A totpl of 60 children, twenty epch from grades 2, 5, and 8, 
attending Worcester, Mass. public schools/ participated In this study. . 

. . Materials. ^he sequence continuatlon.'tasks were Identical' to the^qpes used 
In Study described previously; , . 

In the recognition part of*the study, the same sequences were employed. Large 
I2.1n x 18 l&> trays were used to presentthe four different continuations from which the 
subjects-had to choose the best one tor each sequence. Each continuation consisted of 
5 pieces taped to, -a dlfferenHray. * The pieces were Identical to the ones used In the 
construction part of the study, . ) < 

Procedure. Eacksubject was tested Individually In a spare room In the school. 
Half'of the children In each grade were given the recbgaition parf of the study first and * 
"then the construction of the sequence conthTnftions? half participated in the Iwo. parts 
of .the study In jeverse c>rder. « * < 

The construction part was administered to an .Identical manner to the control 
condition of Study III. For the* subjects presented *lth the recognition pa»;t of the sfudy 
first, only one of the two preliminary ta'sks'used In Study III was given and a preliminary 
recognition task replaced.the second preliminary-task. A simple alternating pattern 
of a yellow bnd blue square was shown together with four |wo-piece continuations and the 
child was asked to ^lect the best one. The second preliminary continuation task was^ , 
shown Immediately prior to the construction part of the study. For the subjects administered 
the construction part first, the preliminary recognition task was £lver\ Immediately prior 
teethe recognition part of the study. 
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• * 

; . The stem for each sequence wqs already constructed or^a board and was plaped 

In front of the subject. The foUr trays with" the four continuations for that sequence were * 
• arranged tn o 2 x 2 mbhlx to* front of the sublet to the right' of the stem. The four 
^><ontlhuatlons represented four different levels of performances (1) a repetition of the 

stem from the beginning, equivalent to no recognition of units; . (2) completion of the , 
• . fourth unit by repetition of the first piece of that unit twice and-then a repetition from 
^ the beginning, equivalent to a recognition of only tfie periodicity In the sequence; (3) 
continuation^ manifesting both between *and wlthin-unit rules, but with novelty only^for • 
the between-unlt rules; (4) coordln atioh of both between and wfthin-unO rules with novel 
exemplification . -These continuations were taken to represent category leyels 1, 3, .6, and' 
7 In the category system used tn Sttfdy II* The position of the highest-level continuation 
was rotated ttirougkthe four cells of the tray arrangement acrost^ 




- An adult male served as experimenter. A second experimenter recorded the 
choices made by the subjects In .the recognition part of the study as well as the continuations 
they constructed , The seven-level category system was used to score the results since It had 
been employed In dlvlslng the alternatives from which the subjects were asked to choose 
In the recognition part of fhe study. • ° 

Results . ^ ^ 

Bbth the cpntjnuations conducted by the subjects and their recognition choices 
were .coded in terms of category level. Analyses were conducted tb examine for the effects 
of oriJer of administration on both the construction and the recognition level scpres. Order 
wds significant only for the construction scores on one of the eight tasks for grade 5 subjects 
' (Mahn f -Whlteney ,U = *2T, % p < .05)/ It was concluded that order°wqs hot a significant 
Variable and was disregarded In subsequent analyses/ * 



" • Table 1 

The Number of Subjects Performing attach Category Level In the Construction of Continuations 
' # Categajy bevel 



V 


Grade 


1. • 


2 


3 .' 


4 


Y 


2 . 


' "4 

> ♦ 


J 


4 


-4 




• 5. 


. 1 


.-o • 


. 3 


<r 




8 


1 


0 


0 


i 



5 


6 «. 


« 7 




3 




2 




'•t 


3 ; 


3 


12 



1 



Kruskal-Wallls analyses of variance on level score; showed a significant grade 
effect for constructions ris # well-as for recognitions (h = 12.2, df = 2, p < ,01 for recognitions)* 
With age, children obtained* higher level scores.as shown In/Table 1 and In Table 2. The 
results from the, construction part oRhe study bea> out tbe findings of Study lit 'in thqt by ^ ^ 
grade 5, the children recognized both between and wlthin~unlt rules, but did hot Use novel 
exemplifications, while by grade 8, novel exemplifications were used by the majority of tfie 
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children* In the recognition part of the study, grade 2 subjects tended'to select* randomly , 
from among the four continuations presented to them. Grade 5 subjects divided their choices 
about equally between category 6 and category 7 continuations, white grade 8 subjects* 
•Selected mostly category 7 continuations. 



Table 2 . * * ' • 

Th$ Number of Subjects Selecting Ea { ch Level of Continuation Injj^ Recognition Part 

Continuation Levd 



Grade - 


- 1 


1-3 


6 . 


' 7 


; 2_ *. • : 


• 4 


, 5 


• 7 


4" 


5 • 


2 


2 


9 


7 


8 


A 


0 


4 


. 35 



ices 



^ A comparison of the level scores for constructions and for re^ognTK^ cholc_. 

By means of the Wilcoxon's test revealed that recognitions were at a higher Ifevel than, 
constructions for subjects In eVery grade (Grade 2, T = 14, N = 18, p < .oi; GradeS, 
T = 12, N = 12, p = .05; Grade 8,.T = 0, N:= 6, p = ,05). The same comparison carried 
out for each task Individually revealed significantly higher recognition than construction 
scores on dli tasks In grade 2, In the two other grades, recognition scores were higher only 
on two of the eight tasks, one a color-shape task and'orie a color-size task* Thejack of ' 
significance In these specific task comparisons was mainly due to the high level scores 
. obtained by subjects in the construction part of the study, resulting In many Instances of 
hOli.lfference between- recognition and continuation scores, u 
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The results from this study supported the hypothesis that children have d better ^ - 
grasp of rules Involved 'in sequential patterns fhan they manifest In the continuations that 
.they, construct. The flndina is similar to a report regarding construction 6nd recognition 
\of sertatloh (Bldckstock and^Ing,^ 1973)^ However, the significant age trend for the 
recognition cholcfes Indicates that the difficulty is not mainly fn the coh'struction„process. ^ 
* The younger children select continuations at a higher level tj^an ones they build on their 

own, but they do rio> select the ones dt the, very highest Jevel , Consequently*, It seems 
1 that y/lfh, development; there Is tn«*rSlb\ng understanding of sequential patterns an J ability 
to coordinate different rules specifying 'the patterns. Before j£is understanding ts shown . x. 
In the continuations constructed by the child, it can be manifest in the choices of already- ' 
built continuations. Previous studies In this Investlgation.have shown that- this understanding 
can be elicited through exposure to contexts that provide more Information about, the rules 
Involved 5 , such as modeling. ■ • 

In addition, the superiority of recognition over construction performance suggests' 
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that at the level of '.oncrete operational reasoning, the understanding of sequential 
pa tt erns may be more, concrete than generic; that is, the pattern may be Hnbwn only in ^ 
terms of the elements through */Rich it is presented. Because of this s concrete unaWanding, 
novel extrapolations of sequences may be difficult, more difficult. than reconstruction of the 
pattern as already given Jn the stem. The choice of continuations involving novdlty in. the 
„' recognition part may be due to perceptual pulls of the design rather than to .&ge/ierlc under- . 
Standing of the,rules involved. ThuS, the concrete frym of understanding of tfae^se 'patterns ^ 
w.Quld suggest that specific aspects of such tasks, sho'uld have an important role. Those, fas^* 
tn whldilthe conftguratlcnal aspects highlight the pattern may be easier than those without ^ 
distinctive con figuration a I supports for the'pattern. Considerable "variation tn performance 
across typje* of materials might be expected. Findings from Study III of thlsJnvestfga_tion> 
In fact, bear out such ah expectation . \ 

• .. • '"' ; • 

( , Study VI I ^ • <• *j 

^Continuation and Memory of Sequential Patterns 

t In his more recent writings, Piaget has drawn the* distinction between figurative ^ 
and operative aspects of knowledge fcf. Piaget, 1969). By the former, he refers to knowledge^ 
4 derJvefl from direct perception which includes_specificotion of perceptual properties and 
concrete attri-butes through images and perception-based schemata, Operative knowledge, 
on the other hand, refers to the schemes of intelligence constructed In the process of inter- 
action with the world, but abstracted so as to serve as jeneric rules for cognitive activity. 
It Is recognized that in Intellectual activity, the individual empVys both figurative schemata 
and operative schemes, yet It hasbeen difficult to speafy exactly how the two types of * r 
knowledge* Interact and support one another. • Inhelder and Piaget^ 1964} have commented , 
thpt It Is often difficult to specify their interactiqr\ In a v concre>e task except through an 
empirical study. Nevertheless, as a result of their stucfies on classification flnhelder and / 
Piaget concluded that multiplicative operations do not spring, from the earlier graphic 
structures despite the perceptual support that the matrix layout of the multiplkqtive \ ^ 
classification problems provides'for the child. Rather, multiplicative operations and addltjv^ 
operations are said to be constructed in parallel Steps and In interaction with each' othe^j^ 
j Recently, Toussaint (1974) also raisfd the .issue of the relation between figurative and ^ * 
operative aspects of knowledge in the 'period of concrete operational reasoning., While 
demonstrating that greater synchrony tnr performance "on concrete operational tasks can bq 
obtained If they are equated with respect to their figural aspect^; t/iis study also found a 
close parallel between the more operativ/e and the more ftgurative^rieasure^ of reasoning, ? 
Thus, It con cludedr that the effect of figurative aspects of tasks must be specifically evaluate^ 
rdther than ignored In assessing logical competence. Despite the recognition x?f >he impprtanp 
of the problem concerning the relation of figurative and operative aspects pf Intelligence, ^ 
relatively little Is known obc/ut the role played by figurative supports in Intellectual activity. T 
Often this. problem Is subsume*! under context or'situationo! effects An intellectual functi6ning. 

Figurative knowledge clearly plays a role In specific memory, although memory 
generally relies to, a large extent on abstract schemes (cf . Piaget and Inhelder,- 1973),. 
For example, the greater proficiency of re-ognition than of reproduction memory seems fb 
Indicate that figurative aspects ore Important, although other skills influence performance 
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trt rt\e,mory tasks (Brown, 1975b)* In view of the findings In previous studies of this Investigation 
that conceptualization af sequential patterns seems to fc>e effected by the opportunity to rely 
on the figurative aspects of the situation, the present study was conducted to explore this 
factor further. In both Studies III ahd^tv It was found that observation of^a'-model constructing 
Ihe $fem for a sequ&jice In such a way that the different rules goyernlng the»sequence wer,e 
concretely demonstrated facilitated continuation. using those rules. Similarly, In Study V 
\t was^ound that rlilldren selected higher-level continuations from a set/of continuations than 
they constructed an their own. These differences In perforniance canine seen as Indicating 
that figurative factors help to represent the rules governing .sequentlaNpatterns and to utilize 
them In constructing continuations of such patterns^ In the present stud^>-the levelpf contin- 
uation^ sequences wa$ compared to memory for $ujch sequences. 

In addition, since some task differences were pbtdlhed In Study II due hot only to 
the type of pattern Involved but also to the perceptual dimension which was used to code a 
particular rule/ the present study systematically explored'the (prm-color dimensions within 
fhese tasks, since these twa dimensions hpv.e been most frequently studied In the literature 
dealing with the effects of perceptual dominance on ebneept formation. 



Method 



Subjects. A total'of 64 children, 33' from grade 2 and 31 from grade 5 served as 
subjects. They were drawn from Worcester, Mass. public schools and were equally divided 
(between boys ahd girls. Threg additional grade 2 subjects did not complete the prelimlhary 
tasks and were excluded from the sample. The children* frpm each grade were assigned 
randomly to one 1 of tv^o task condjtidqs.- 

I - s * . . ' 

Materials^ Simple*geometrlc shapes painted different colors were used as 
elements for the sequences. Six different geometric shapes werer used: square, circle, . 
triangle, diamond, ellipse, and rectangle. The pieces were painted In red., blue, green, 
yellow, orange, and brown colors. All the pieces were 1 1/2 Ih. high, except that.one of 
the preliminary tasks used 1 In. pieces and the other - 2 in. pieces* '» . . 

** >^ 

The stems for the sequences were presented to tbfc child" on a wooden board 
( 5 fh x'5 In. ). The pieces from which the child was asked to construct a continuation 
of the seqiWrce or to reconstruct the stem .were presented In a shallow wooden container 
{ ft 1/2 in. x 13 1/2 in; ). \ , ; ' - ~> 

* * Procedure* Each child was, tested individually by a female experimenter 
$pare room ih tbe school. The experimenter sat opposite the child and recorded the child's 
behavior In constructing the sequences. 
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The children asslgnecf to the Color-tasks condjtion ( {Cfy were* glveh'tasks in which 
color ehange marked the perlodjclty of the sequence; the' elements were Identical In color 
withfn a unit and diffe/ed in rolor from all other units. Those ajsigned to the Form-lasks 
condition (FT) were given sequences in whiclvform change markecKythe* periodicity tff the 
sequence. Additional wlthin-unit rules for sequent in each condition were marked by 
changes In the other dimension; i.e., in the CT cohdition, differences in form specified 
the wlthlb unltjules. Thus,^neither rendition reHed purely on form or color for the pattern 



of the sequences. 




All subjects Were giveh.twdj^elimmary tasks appropriate to the rendition to 
Which they were assft^ted.^.tbe first preliminary task Involved the alternation of a sjngle 
element and'the second task'involved the alternation of a three-element unit. Those tasks 
were used to.jnake sure that the *ubje\ts understood the Instruction "to continue the pattern 11 , 
* For edch of the ta*ks, once the child had continued, the sequence, the pieces making up the 
pattern were mixed up and the rhild was asked to reconstruct the .sequence from memory. 
Those children who could not successfully perform the two preliminary tasks were excluded 
fpbm the sample. * ' 

fejd 

T^Sgg^ The 16 subjects In the CT condition whin each grade were administered eight 

^O^Ssrope .tasks These tasks preser^tgj four different patterns-. (1) ah alternating pattern; 
, J$)jP pattern In which either the lattsdr middle ple\e of a unit is different fror/the 6ther # ^ 

and from o all previous different-shdpe pieces; (3\ .a t repetitive pattern In whjch all the °° 
lopleces within xj'jnit are of different shape from edch other, but retain their positions, across 

unfits; (4)* a repetitive pattern 1n which qll the piece? within a unit are of different sfiape 
/from each oth^and rotate from right to left in their position acroit'unlts. Thestf patterns 

were slmitg/to. those empbyed In Study II. Two tasks represented each pattern". The subjects^ 
* fn the FT /condition were given analogous patterns except that form was uted to designate" 
XUnlts, The stems of the seqjencfes used- in the present stiudy a& shown In Figure 6, 



L For all patterns, the units were composed of three elements. Each stem consisted . 
ofihree units and the first piece of d fourth unit." To continue l^ie. sequence the subject 
wps required to complete the- fourth unit and to construct a*flfth yni o t. In reconstructing the' 
pattern, the subject was requested to put'down. what he could remember, but scoring was 
based on the first three units of each sequence. For the continuations there were 27 pieces 
tn the container for edch task given to the subject, representing a repetition of the stem, „ 
a correct continuation, and,variejs pieces needed to construct a variety of intermediate 
continuations. For the reconstructions, the child worked with the 15 pieces representing ^ 
the stem and the continuation construcfed'by the child. * ^ M 

^ s • The four types of patterns were presented in counterbalanced order across 
subjects; the Jwo tasks of !^e same, type were presented one after the other. After com* 
pletlon of the t p-e|lm1n;ry tasks, the subjert was first asked to 11 continue the ppftern" and 
forewarned 11 1 want you to remembe^ the pattern, too" before ,earh of the eight tasks in turn/ 
Once the continuation wai constructed, the piepes were mixed up and the*subject was, 
asked "Now, do yoy remember how the pattern went? 11 and-told "Try to pOt down<as much 
as- you can remember." - <y % , ^ ^- - f * , 

-,The. continuations wef^ scored using the 14-level category t5 systegi employed 5". 
Study IV, The reconstructions were scored for accurarv in terms of the nyjnber of pieces ' 
remembered correctly as well as for the'leveT of rule-coordination manifest In tjie recon- 
struction. Since twortqsks were administered for each type^pf patterji, the higher of the two 
level scores was used as the subject's score for that type of pattern . 
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R - Red 
B — tflue „ 
Y — Yellow 
G Green 
O Orange 
Br — Bfown 



■A- 



J 



Figure 6/ The stems for The sequerice continuation patterns presented in Study VI 



ERIC 

2*1 



Cm > 



•; - 61.. * 

' • ? . ResfilH - ' , . , ' 

v . r . - 4 
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Preliminary analyse* indicated the $ex of subject and order of task presentation 
were not significant va-ia^les and were disregarded in subsequent, analyses. Analyses * 
, ^of variance were used'os a first step in pnalyzing.the r data, 

■ » ' / . ' ' 

.A 2 fgrgde) x*2 (condition! x 4 (type of pattern) analysis pf variance on the 
, level scores obtained for continuations indicated thatgraderS subjects scored highgr.than • 
grade 2 subjects (F = 6.52, df 1, 60, p < .05) and that Ct subjects scored hfghet than 
FT subjects (F = 7,74, df 1, 60, p < .01). The grade by type of "pattern inferacHon.wasr- - 
also significant (F ='3.05, df 3, 180, pOS), apparently due mainly to different performance 
on the third type of pattern, on which grcde- 5-subjects tended to do better relative to the 
of he; types. ' < . ^ * . 

t . .A 2%gradfe) x 2 (condition) x 4 (type of pattern) analysis of variance on the level 
• scores obtained for reconstructions oF these patterns showed a significant grade effect 
(F = 6.65, df 1, 60, p<.05),-xondition effect, (F = 9.74, df 1, 60, p<.0l), pattern effect 
(F,= 11.41, df 3, 180, p < .01),. and a significant condition by patterrfMnteraction (F = 6,38, • 
df 3; 180, p < .01), Graded subjects obtained higher scores on reconstructions than grade 
2 subjects and subjects In the CT condition obtained higher scores than subjects in the FT 1 
condition. In view of the apparent Importance of'the type of pattern, analyses of variance . 
■were carried out on each, type of pattern separately. 



A 2 (grade) x 2 (condition) x 2 (continuation/reconstruction) analysis of variance 
on level scores for the first type of pattern (altema>ions) indicated theft reconstruction -scores 
.>ere higher than continuation scores (F^= 9.06, df 1, 6,0, p<,0l). No ojher significant 
^effects were obtained. *As would be expected From performance on the preliminary tasks, 
alternating patterns were within the competence of subjects from both grades. The mean 
level scores are shown In* Tabl^ 1 . - ' 

^ Table 1 ^r*.-* 
Mean Level Scores for Contjrtuations and Reconstructions of the Alternating Pdttirn 

* . * Condition 

" . ' CT FT 

, prade 2 ^Continuations . 8.82 ' . 7.94 

x Reconstructions 9.53 9,25 • . 



Grade 5 ; Continuations 9.33 m 8.75 

. Reconstructions TO.^0 \ . .10,03 



A 2 (grade) x 2"(conditibn) *"2 (conMnuafibn/r.econstruction) dialysis of variance* 
on level Scores for the second type of pattern (one different element within each unit, see 
Figure 6) Indicated that grade 5 subjects achieved ^igher scores than grade 2 subjects 
•(F = 6.l8/df 1, 60, p<.05), that CT subjects achieved higher scores ffian FT. subjects 
(f ~ L^ 6 ' ^ '/-^0 r p < .01), arid that reconstruction scores Were Higher thpn 'continuation 
scores" (F ='44.90,' df 1, 60, p<.0l). None of the. interactions w'ejce significant. The' 
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'results are shown faJable 2. * 



*. v ' # Table" 2 

tye&n*Le^l Scores for Continuations and Reconstructions of the Second Pattern 



Gra^e 2 
Grade *5 



Continuations 
Reconstructions 

Continuations 
Y Reconstructions* 



' ' Condition 




CT 


FT 


8.88 


6.81 


12.12 " ' ' 

> 


8.75 


11.07 


7.94 


14.03* 


It 19 



see 



, For the third type of pattern (each piece a different shape wlthiiWhe unit, JCC 
Figure 6), a 2 (gfode) x 2 (condition) x 2 (continuation/reconstruction) analysis of variance 
Indicated that grade «5 subjects scored higher than grade 2 subjects (F = 8.50, df 1, 60 
p<,01), CT subjects achieved higher seores than FT subjects (F = 8.43, df 1, 60, p<'.01),> 
and that reconstruction scores wgre'higher than continuation scores (F = 48,87, df U 60, 
p <*01), There wereno slgriiflcOTt interactions, since the relatively lower reconstruct* 
scjbres of grade 5 subject* were due to low scores of a few subjects, .The resulhVe show* 
In Table ? , fc . 



Table'3 ■ • 

Mean- Level Scores for Continuations and Reconstrud4o^o£the Third Type of Pattern 
° Condition « 



Graded 
GrddeS. 

*■ j» * * • * 

For the fourth typ° of pattern involving" a withim-unlt rotation rule (see Figure 6) y 
a 2 (grade) x 2* (condition) x 2 (continuation/reconstruction) analysis of variance showed 
no grade effect, appa'entjy due tojower scores on these Jp\ks by grade 5 subjects. The 
CT jub|ects scored'hi^her tndnthe FT subjects (F = 4.33, df -1, 60, p < ,05) and reconstruction 
had higher scores than continuations (F = 56.54, df 1, 60, p < .01). There were no ' 
significant Interactions. The results are shown in -Table 4. '*' - r > 





♦ . CT • 


6 


FT 


Continuations 


8.41 




* 6.44 


• Reconstructions ,^ 


11.88 




9.6P 


Continuations 


- 11.87, 




13,87 


Reconstructions 


9.00 


< 


* L1.33 



* ' * Toble 4 . 

Meat LeVeF Scores for CcfiMnuoMons and Reconstructions of the Fourth Type of Pottem 



Grade 2 



Grade 5 



> Continuations 
\ Reconstructions 

Continuations 
Reconstructions' 



Cond itf on 




r 


CT 


FT 


• — 


8.18 


7.50 • 


\ 


10.94 . . 


n.'i9 










iq."60 


8.00 




12.53 


10.87 . 





* * 

In sum, for oil tosks, reconstructions ochieved higher scores than continuations ancf, 
Yftth the exception of the oltemoting pattern, subjects in the CT condition* ochieved higher 
scores than subjects in the FT conditio?, Grode 5 subjects performed better except on the 
fourth type of pattern; the within-unit rototion rute wosjound to be difficult in Stud/ IY . 
as welL With the alternating pattern, grade 5 subjects constructed end reproduced correct 
continuations, therefore, the lock of o grade effect wos due to the easiness of the task. {^^^ 

To fallow-Op tfe opporently better performances reconstructions than on continuations, 
Wllcoxon's tests were conducted on fhe level scores achieved fyr each task wftftin each grade. 
For subjects In the CT condition, reconstruction^scores were slcpificantly higher for aW*ffrsks 
with the exception of one of the rofotionnule toslcs for grade 5 subje^. .fcor subjects In the 
FT condition, significantly hlgher^reconstrwcHon scores were not obtoiped on two tasks 
within each grode, bJt the tosks Wfere not the sane. For grode 2 subjects, the differences * 
w'ere.not slgrifficanf far tosks representing the second fryps of pattern, while for grade 5 
subjects, tbfc tasks representing the fourth type of pattern were equivalent* Overall, however, 
these non-poronetrfc analyses supported the conclusion that reconstructions manifested a 
higher' level of rule usage than cori>inuotions. * 

c . The reconstructions were evaluated in terms of accuracy as well. Accuracy was » 
determined by counting the number of preces in the sane positions os in the stem given to 
the subject by the exo.Tyner* A 2*(grode) x 2 (condition) x 4 (type of pattern) analysis 
of varlcnce.an accuracy of reconstructia%sca*£sJndlcoted that grade 5 subjects we^e more 
accurate thin ^ode 2 subjects (F = 10. 12, df 1, 60, p < .01) and that subjects in the CT \ . 
condition were more accurate than subjects in tfre FT*condition (F = 7.74, df 1, 60, .p< ,01). 
^Thls effect wos modified by o significant grade by condition interaction (F = 12,44, df 1, 60, 
p< $0)% .Subjects In grode 2 were obojf equally accurate in both conditions, bjt subjects 
In g-ode 5 were more accurate In the CT condition. The type of pattern effect was sig- 0 m 
nlftcanfoswell (F = 98,92, df 3> 180, p < .01)., The mean accuracy sco-'esfor the ' 
differed typefsof patterns ore sho*n in Tobl£5. " . * - 

Reconstruction accuracy scores .ordered the fou" patterns in difficulty from Pottem 
t to^Patterh IV in both conditions jri the sone woy a; they hod been o r 5^red using the 
level scores ». As clea- an ordering of tKe fou^types of patterns in difficulty wo> not 
obtained Using the sequence continuation doto, - c 
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Mean Reconstruction A 


ccurocy Scores 


for the Four Types of Pottems 
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Pottem 






Grade 


Condition 


1 


II j Ml 
II £ Ml 


IV 






CT" 


7.0 


4.4 3.6 


- 2.0 






'FT 

■ 4 


8.3 


* 4 2 "3 5 




• 


5 


CT 


9.0 


7.3 * "5.8 , 


• 3,3 


< 




FT 


7.8 , ' 


•4.4 3.0 


2.3 





Cbnsistentfy, subjects in the CT condition performed ot o higher-level then subjects 
In the FT condition to +he extent thot grode differences wer<> not apparent in the FT condition 
on some tosks. At first gtence, this finding moy oppeo- contradictory to the literature 
indicating better performance on xoncept formation tasks with form as the relevant dimension. 
It must be recoiled thot both form end color were relevant to specify all the rules for the 
tasks used In the present study. However, in the CT condition, "form specified the withln- 
inJt rules, while in the FT condition, it delineated fhe units of the partem. Evidence 
obtained in previous studies suggests tho^speciflc within-unit rules ore Induced by Subjects 
with greater difficulty than the between-unit rule. It moy be thot coding the more difficult 
within-unit rule* through the more perceptually salient form dimension focilitotesihg 
recognition of tf»se rules and results in higher level or more 6ccu-ote performcnelT^ 

* • * 

* Discussion 

that Rgjrot 
with that 

and the effect of modeling on revel of continuations rn suggesting that fhe coyil'tlve competence 
Wo Induce the ruks f6r these patterns ma/ be insufficient for t^eir fulj utilization^ tha time 
\ka*-fuch competence is first -being developed; It is in this ^k'fthot performance can be 
facilitated through contextual sdppo-ts. It shojld be noted thot tha difference between 
continuations and ^constructions wos cleo*er for grade 2 subjects than for g-ode 5 subjects , 
since the latter were dble to jserform ot higher-levels in th* construction part of the study. 
These results porollef trie findings on modeling effects, since modeling was.fojnd Fa have 
o greater Impact on- younger' then on older subjects. , - 




^ The ordering of the four types of patterns in difficult/ ifof ferSst; Thot the 
alternating patterns o*e the easiest is not surprising, since thay o-e defined by o smalfer 
. number af rules; except for rule's specifying the identity of elements, nb other specific \^ 
wtttth-unlt rules o-e employed. There can ba no novel exempttficotions and tha Highest 
cotegory levels dD not opply to tharru Tha'second type of pattern wos Identical to*thot used 
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• but there J$ a larger number ^freIotions~befween elements within a unit that must be 
specified. \f was thought pnginaIFy that this f+ii rd* type of pattern might, be rosier then, the 
seGond type, sltice there is no requirement td do on across-units comparison "to determine 
the characteristics^of a within-unit element. However, this was not the case. ' Either the 
greater number of relations within the unit made upW the across-units comparison, or^the \ 
repetitive chenge in, the same position across unttsHw trie second type of.pattem 'added 
salience to the change and counteracted" the added cognitive demand of the additional 
comparison. Restfe'(1973) has suggested on the basis of work with adult subjects that r 
structural complexity does not account completely for the difficulty of serial patterns, ,since 
subjects use a variety of operations to organize "the patterns. In any^case, the difference 
irr difficulty between the second and the third type of, pattern in the present-study was not 
great. The fourth type of pattern was the most difficult, as might have been expected. * 
t The'rotation rule for specifying the position of specific 4 elements within units requires a 
manipulation of all three elements in relation to each other and a comparison back ta.the " 
previous unit to obtain an anchpr poin> for the rotation This fourth type of pattern proved 
quite difficult even for grade 5 subjects. * 



The clear relation between the difficulty of the pattern end the number of rules 
that need Jo be coordinated to specify that pattern suggest that an anlysis of the conception 
of sequential patterns in terms of constituent rules is a meaningful procedure. Moreover, 
it suggests 1 hat different ways for conveying information to the subjects obout the rules 
governing .a pottem should facilitate, comprehension of the^ pattern in parallel with findings 
regarding acquisitiori -tff other concepts. * \t - 

? ~" . • - <■ 



The Effects of Modeling o^f Construction and Recognition of Sequential Patterns * 

, The previous study jfemonstroted that children could reconstruct* a sequential / 
pattern from memory better than they oculd continue it. Although it was argued that 
their greater facility with reconstructions was due to the support that the figurative aspects 
of the o J ready-constructed stem gave tq the organization of the pattern, the study did not ^ 
rule out the po^irjility that simple. memory for the location of a few of the pieces mjhe stem 
may hove prodt&ed the higher reconstruction scores. For example, Blockstock end King , 
(1973) found that different figura! arrangements facilitated recognition thar> reconstruction s 
in a seriotion tdsk. Consequently, it was thought'desirabfe to contrast children's ability* 
to' continue p seqjentiol pattern with their ability to construct the* same pattern with new 
materials of vdrymg similarity to the original. Consequently, in tHfe present study, rgther 

^fcqn being asked to reconstruct the pattern with identical materials/ children were asked, to 

'reconstruct it With novel materials. - * 

\ A second aim of this study was to tie in the effect of observing a model high- . 
ligfy the rulei governing a pattern with children 4 ^ ability to cbntinue* sequential* patterns 
♦and 5 to reconstruct them. It seemed of interest to determine whether the effect of observing 
a modeFwas specific to the pattern and the ^materials that the. model had used or wfjether 
it would ^generalize to the construction # of the same pattern with novel materials. /Moreover, 
since, previous studies had shown tfie effectiveness of modeling when contrasted with\a 
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condition In which the child does not witness Hie construction af the stem, the p-esenh 
study,' examined two modeling conditions that differed only In the .extend ta -which the rules 
governing the pattern were emphasized' in the model's actions. Studies of modeling have x 
faund that addition af verbal rule statement to modeling enhances the modeling effect 
(e.g*, Zimmerman^ 1974) ♦ .; ; 

To further investigate the role af the specific materials in the child's understandfng 
af sequential patterns, children were asked nbt only ta cGhtinue the patterns,, but also ta . 
choose from amShg four alternatives a^attem most slmfJar to the sequence they had just 
-seen* In contrast ta Study V, hawe/&, the choices wers constructed from materials different 
from Hie ones used present the sequence. The navel materials were identical ta.the navel 
materials provided far the reconstruction af the patterns , In this way, reconstruction cauld 

again compared to recognition, but fn this study the patterns were embedded in navel t 
materials. It was agoing-expected thpt there wajld be better performance an recognition 
than on construction. • „ 

Jn sum, the aim af the present study was ta bring together the various ways that 
had been used fa enhance children '$ conceptualization af seqjential patterns (modeling, 
recognition^ end fa examine the generalization af the understanding of such patterns ta 
new materials. Twa age levels from the -fangs at which the understand lng~of seqjential 
patf^ems had been faund ta be most modifiable wepe selected ta permit same analysis af changes 
""Vlth development in the. effects af the variables employed. 

• . «* - . - -/ - • 

4 * 'Method 

Subjects. ( A tatal af 64 subjects, 32 fram grade "3 and 32 from grade 5 participated 
tn the study. Two additional grade 3 subjects were excluded fram the sample due ta failure 
an the preliminary tasks. The subjects v/ere d-awn frani twa pubfic schadls in Wa-cester, 
Mass,, bofh situated In a similar middle-class neighborhood. Within each grade, the subjects" 
were equally diyided between boys and girls* 4Half af the children Jn -each grade were 
randomly assigned .ta one a* twa modeling conditions* 



* ' Materials. Thtee different types af materials were -used in this study^the first • 
type consisted af g^ametrifc shapes cut ajt fram masonlte and painted different. colors* The 
shapM Included: square, circle, triangle, dia-rrond, ellipse, and rectangle; the \calars 
Used Included: red, blue; green yejlaw, orange, brown.. All the fjlej^s were \\/2 In. 
high. These materials hqd been use^ fn the previous studies af this invejrt^qtfon^^ were 
employed in the p-esentatloTqf the'sequential patterns. 

A second typeaf material (Lo// Na/elty + LN) was quite similar to the first* 
The same six geometric shapes cut ajt fram pasterbaard in fhe same six. colors were used-, 
in "the construction and- fhe recognition parts of fhe sfudy. The pieces were again 1 1/2" 
high. ■; " . , ' " • ' * ... '.- 

The f-njfd fype af^maferial (High No/elty - HN) consisted 7 af six different canflg- . 
Uratians glided fa 1 1/2'\sqi/arje i pieces af white posferbaard. The different configurations 

a slngje'dot, an abliqje line af3 dots, a single horizontal line, a dsuble horizontal 
line, a cross a f ,twa lines, „and a horizontal line with a dat abave It, These configurations 
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Were constructed by pasting adhesive lines and dats made from glassy paper tq the 

pasterbaard / These configurations were made In the same sbc-calars used far the other 

materials. ' . , * 



The s^jences were presented an a \yaoden board used In previous studies and 
the'pteces wltWbhich the children were to work an any given task vfere presented In a 
v^aaden ar a cairWoard bdx, as appropriate.- 



Procedure . All subjects were tested Individually in a spare roam In their schaal. 
An adult female served as experimenter and as model ♦ A second femalie experimenter 
present to record - the child's activity In performing these* tasks* < 



:haal 



,All subje.cts were presented with two p r eJlmlnary tasks and eight- sequence continu- 
ation -tasks. Those In the Modeling Contra! condition (MC) observed the model bufld the 
Stem far the seqjencd continuation, tasks one piece .at a time, at an -eyen pace. Although the 
stem was constructed while the child watchad, the gjpdel made na attempt ta emphasise any 
' aspect af the pattern. The subjects {n the Relevant Modeling condition (RM). observed ^the 
model build the stem so as ta emphasize same of the rutes governing the pattern! each . 
triplet was put da*n first containing identical pieces; thetf, the different-shape piece within 
the triplet was put in place af ane af the identical pieces; far patterns in which all pieces . 
within a triplet were af a different shape, a secq^d piece was similarly replaced. This 
procedure was .meant ta highlight the periodicity and the wltfiirf-unit rules o* the x .pattem * ' 

- m * The eight tasks consisted af faur Instances each af the second type of pattern ancf 
^the third type af pattern used In Study VI ♦ For all tasks!, colar chang^ marked the division^' 
f af the sequence inta units and fprm caded thfe wifhln-unlt rules* The eight sequential 
patte'ms are shown \h Figure 7, In all cases, the stem'canslsted af 1Q pieces, three 
^ompUte units and, the flrjt piece af the fourth unit. Tq cantinue the sequence, the subjqpt 
was*requlred \a complete the fourth and ta build the fifth unit. 



Fai 



a,ur a£-the sequence continuation tasks.were followed up Immediately by a pattern^ 
reconstruction task and the other faur by a patteft recognition task T' In each grade and 
eaoh modeling condition, the presentation af the reconstruction and the recognition tasks,-, 
was counterbalanced across subjects. 'Each* type af pattern was represented by two tasks 
In the recognition part and by two tasks Thihe reconstruction p"art af the study. 

At the beginning the child was given one p-ellminaty task, It consisted af a 
fepatltlye sequence of three squares, wittueach triplet marked by a dlff^en^colaN ' The 
child was asked ta continue it in arder ta demonstrate understanding of the Instruction 
"continue the pattern. 11 Theh the child was asked ta remember the pattern, and if he was 
among thai^ receiving the recognition part fUst, ta select fram faur sequential patterns 
constructed fram the LN materials ane that was mast like the pattern ha had fust seen,. The 
baitc shape af the'elements In the choices was triangle rather than square, and a different* 
sequence af specific cal.Ors was used la .delineate the units. Eachaf the choices consisted 
. of 12 pieces, but only one was a completely adequate representation af the pattern. If 
the child did pot successfully pefform on thtawarm-yp task, it was expfalned and presented 
again, Being successful, the. chlld\vas than p-esented with 'the .tasks In the*recognitian 
pa;t of the study. Children wha cajld not succeed an the preliminary task? were exclude 
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Figure 7, The stems for the sequence continuation patterns 
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frpm the sample. * , „ ^ ♦ * . 

Before the reconstruction part of the study, a second preliminary task was given* / 
It consisted of a -simple alternating pattern of sirfgle brown*and ofange squares; The children 
were requested to continue fHe pattern. Once they haddoneso, they w§re asked to look s . 
It over so that they could remember tha pattern All the materials were removed end the 
child was presented with 16 HNf pieces dnd asked to. make a pattern as close to the one — 
he hdd just seen as he coul.d.. The replication that could be made was an^ alternation of " 
'blue and yellow dots. Agaio,. if the child was not successful, the task was explained and . * 
"pr«sent£tf once more. Those who succeeded with the pfellniinary task were then giveji the * 
four reconstruction tasks. 'Subject* assigned to be given the reconstruction tasks first were 
also given this preliminary task first. * « 

The LN and HN materials were used with each tj^pl of pattern In both-the recon- 
struction and the recognition"! parts of the study*. In short, there were fp.ur*cht1dren in each, 
grade qpd each modeling condition who were given the reconstruction/recognition parts of 
the study In the satoe order and were ask^d to deal with the two types 9/^atterns in the 
same ordeij one of the tasks representing each type of pattern was given with LN materials, 
the other with HN materials in bath the reconstruction and recognition parts of the study, j 

\ ' * 

To continue each sequence, the subjects were given, a box^contatning about 3§ 
pieces; theie Included the p?«ces necessary to continue the pattern as well as pieces necessary 
to continue It in all tt/e ways that previous studies had shown thlldren attempt to handle 
.these ttjgks. In the Veconsfruction part of the study, thf Children were given around 40 pteces 
of either IN or HN materials and were asked to tqgke the pattem^using these novel material*.^ 

/Afte* putting down 15 pieces (i.fe/, 5 triplets), the chilcT wa* stopped with the statement that, 
heliad done enough. In the recognition part of the study, the child had to ^boose among 
four ."sequences, each containing 15 pieces. Each of the four sequences was glu*d to a 

4 2 1/2 x 18 ip. strip of white posterboard and represented different degrees of approximation 
to the pattern* In terms, of the ^jfisvel category system used In 'p-evious studies, the four 

' cliojces represented category l*e>teTs 2, 7, 10, and 14^ The strips were lined up one above 
the other* end the child was asked to" indicate the .best representation of the "pattern . The * / 

^slttqn <rf the strips representing the various choices was counterblanced across tasks j * 
andsubjpfch^ Tha sets of~recogniti6n*choices for two of the tasks are sKown in figure 8.< j 

The continuations,, reconstructions,' and recognitions were scoreel using the 14- I. 
-4eyel 'catpgoty sy^em described nri Study IV. ' ^ J ^ ^ 

* % Results • " 

1 - *m • 

- y The results of this study turned out to be difficult to interpret for. seyeral reasons. * 
First, d number of the variables interacted with each other faking the small N in each 
cell Imxl equate for specific comparisons. Second, in one of the schools used in the study,«, 
the h«jorf ty of subjects In one grade turned out to be not from the reslderitial'area served 
by the school, but frorrfa near-by housing projects In this sghpoj, grade differences 
obtained In previous research and with subjects from the other school tended to be^elther , ' 
absent or reversed In direction . Jhere wai an insufficient^ umber of subjects from each 
schpoLto cbnduct s^parate analyses fo 1 * each school. In'some analyses, school was entered , 
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Figure 8. Recognition choices' for Pattern II task in HN and Pattern III task in LN materials 
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In as a Variable dhef did Interact significantly with other variables* On the other hand, 
trderof administration of Specific tasks <and of the reconstruction/recognition parts^f 
the study was not significant, Alj analyses to be reported were carried aut Ignoring the 



order variable. 



t * 

Table 1 ' - 
Mean Level Scares of Subjects on Continuations of Two Types af Sequential Patterns 

♦ ; • » . Modeling. 

r . : Sch o o l Pattern MC > ' RM 

1 x II * 12,04 - 11.76 

III * -12.39 13.25 

2. II J ' * "'9.9$ 11.04 * 

. Ill * 10.03 11.30 



Coritiriuations of Sequential Patterns . An analysis of variance on the level 
Scores for continuations of a-ll of the eight sequences was carried ojt using grade, modeling 
-/condition, and school'as between subject factors and "the two types of patterns represented 
by the elghf tasl<s as the within spbject factor. In this study, tasks representing pattern ' 
typeT^(all elements of different form within a unit, repeated across units) were continued 
at a slgnlflcantly v higher level tharv those representing pattern type II (F = 13*21, df*1, 56, 
p<".01). The difference In the mean level of continuations' was not largs. In addition, 
the modeling x scHfeol x f/pe of pattern interaction was* sign if leant (F = 4.63, df 1, 56, 
p< ♦OS)." It appeals that In one of the schools, subjects in the RM condition constructed 
higher-level continuations only in tasks represent!!^ pattern type III,, while In the other, 
RM subjects cqs^tructed higher level^cbntinuations for bdth types of patterns* The results 
are shown In Table 1, Although over-all gradeand modeling effects were In the expected* 
dlrectlon, % as shown In Table 2, the variability was too great to result In significant differ- 
ences, . • " r 

Table 2 . 1 

hy Mean Level Scbres of Subjects in th§ Two Modeling Conditions - - 
~ f on Confirmations oPSeqjtenfial Pa^teyis \ 

' - H . /Pattern Type * * ||( " . 

Grade 3 Grade 5" Grade 3 • * / \> Grade 5 

• 10.78 11.1? 11.25' * - 1 1 .93 

RM '" 11.00 . 11.80 ' 12.12 • 12.43 • 



. Reconstructions of S eq^Wial Pofferns. ^The reconstruction scores were 
loAer overall than'the continuation s^^s, a? might be expected, since the subjects were 
♦reconstructing the patterns using novel materials. In arj analysis of variance with gtade,^ 



modeling conditio^, and school as between subject factors and type of pattern, novelty 
of material, and continuation/reconstruction parts of the stedy q? within subject factors, 
a complex pattern of results was obtained. Continuation scores were significantly higher 
than reconstruction scores (F.y 105.66, df V, 56, p < .Ql) and feconstructtdns with HN. 
materials were at a hlghe v r level than with LN mdterials (F = 4.21* df 1, 56, p<\05) 4 
■ These results were modified by a number of significant interactions. , 

• , The conttnuatlon/reconstryction^scores varied with the type of pattern (F = 
• 15,26, df 1, 56, p < ,01), since th« greater proficfency/vyyth tosks of pattern type III 
m obtained on continuations did "lot hold for recaristrucKons; 'In reconstructlqns, the two 
types^of patterns,v*ere about equivalent in difficulty, A significant grade x. modeling x 
school^ novelty of materials Interaction (F = 6.47, df 1, 56, p < .05) was obtained as 
well as a significant grade x modeling x school x type of pattern x continuation/recon- 
struction .Interaction ,(F = 4.04, ctf 1, "56, p< .05). The effects. of grade and modeling 
were In the expect/d direction,^ but va-ied also with school^ type of pattern, and novelty 
of materials. Table 3 shows the results for grade' and modeling condition. 

Table 3 

Mean Level Scores Obtained on Continuations and Reconstructions of Sequential Patterns. ™. 
^ • Grade ^ 



? 



Continuations 

Modeling MC ^ KJ.70 • ; ^ 10*97 

• * R/vTV - - "1 1 .05 * 12.30 ^ 

Reconstructions ■ , * 

t Modeling. MC 7,09 7.17 

RM ■ 7.34 , '8.72' * 

* * 

: ^ With pattern type II! ta*ks, subjects tended to build reconstructidns'at " 
higher levels when given HN materials than whan given LN m?i{$Tfcrh~1f th*y were In* 
the RM condition. The modetlngx novelty of materials interaction wai slgniflcqnt 
(F ss 8*05, dF 1, 60^ p < .01) when-the reconstruction scoreswere analyzed for tasks of 
each pattem-typ* separately, There was only a trend in % the .same direction for tasks 
ro^pa)tern typs II, ' These results a~e shown in Table ^ * % " 

R ecogn ition of Sequ ential Patter ns ,* Continuation scores were higher in 
tHe preserrt -study than recognition scores since aTl ths recc5gnltion tasks were presented* 
with nov$l materials, In an analysis of variance with g-ade, modeling^ and. school as 
the between subject factors arid type'of pattern, novelty of Material, and the continuation/ 
recognition part of the study as the within sublets factors, a'number of significant inter- 
action ^ffectswere 'obtained. Overall, continuation scores were significantly higher than 
recognition scores a (F = 7.99, .df 1, 56, p < .01). Subjects ftgpl one'of the schools differed 
mq-e In these two parts oHhe study than subject from t\\* cfther school (R = 4,65, df 1, 56, 
p<*#05). Also, subjects in grade S did better with LN^materlals tkan subjects in 'grade 3- 
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(F - 5.80, df 1 , 56, p < .05) . It appeared that grade 3 subjects tried to adopt a direct 
matching strategy with the LN materials and failed to use- the rules of the pattern In a 
more abstract way. ^ , 



-Table4 , t ' a., 

Mean Level Scores Obtained on Reconstructions of Pattern Type III Sequences 



Modeling/ 
MC - 



RM 



Grade 

3" 
5 

3 

5-- ' 



Materials 

LN. , HN . 

t 



'6.94 
7.31 



6.75 
. 6.75 



\ 



6.56 
6.75 

B 7.75 
?.31 



\ 



I The type of pattern in addition to the novelty of the materials affected the ' 

scores obtained by subjects In the two grad^dlfferently. The grade '5 -subjects did rela- 
tively less well on tasks using the type III pWerns in the- recognition part of the sttjdy 
compared to the continuation part than did grade 3 subjects, particularly with HN materials. 
^ In contrast to the reconstruction part of the study, the grade 3 subjects did about equally well 
.jwTtKtN as with HN materials in the recognition part y pf the study. Grade 5 subjects did 
less well with HN materials.. Significant type of pattern x novelty of materlals'(F = 5.28, 
df 1, 56, p < .05), grade. x novelty r of materials x continuation/recognition paqt of the study 
(F =7.34, df 1, 56, p < .01), grade x modeling x.type of pattern x coritihua'tion/recognltlon 
part of t^e study (f = 8. 14, df 1, 56, p < .01- J and mode4in&x school x novelty of materials 
x continuation/recognition part of the study (F = 9.08, df 1,>6, p < .OlHrfteractton effects 
were obtained. Some of th^tresujts are shown In Table 5. 



Table 5 



'Mean Level Scores Obtained on Continuation and Recognjtlojj.of -Sequential Patterns 



Continuations. 


* 

Grade 

3 




Pattern (J 


10.557 


11-28 


Pattern III ' ' 


. 10.90 ,* 


11.71 


Recognitions • ^ 


\ ,. '• S - 

.V - • ♦ 
9.. 49 

. 9.96 *. 




Pattern II LN 
HN 


11,.79 
9.54 


P*tern Mi LN 


9.05 * - 
10.50 - 


- \o]74 

-9.17.' 
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' ' When scores [usf on the recognition part* erf the study were considered , It 
wasfoJjnd that grade, modeling, artd novelty of material effects were more clearly evident 
on tasks representing pattern type 111* A 2 (grade) x. 2 (modeling cohdtHdn) x 2 (novelty 
of materials) analysis of variance on pattern fypKjll tasks revealed that subjects lh the 
RM condition scoj-ed lower tn grade 3 and higher In^jfade 5 (grade x modeling condltlprl % 
F = 4*70,, dfi, 60, p < ,05) as well as that grade 3^subjects scored higher with HN ^ 
materials while grqde 5 subjects scored .higher v^UK^he LN materials (grade x novelty of* 
materials F = 6,75, rff 1, 60, p < .05)». \\ seems that the LN materials interfered with rale 
application by grade 3 subjects. not only in the reqonstruction part ©f the stijjty, but also 
th the recognition part 6f thejstudy, / v , 



. • / table 6 

.JMean Level Scores Obtained on Reconstruction and Repognition of Sequential Patterns 



Pattern Type 1] 




Reconstruction , 


\ Recognition 






Grade 


3 , • Grade 5 


Grade 3 


Grade 5 


7LNT ~~MC ~V " 


6/69' 


7.50" 


_ 9.12. * ' , . 


12.00 


• RM 


e.sy 


_J . 8.81 , 


9 $7 

* 


12.00 


HN 'MC . 




7.06 


' ■ 9.75 ? 




• * » ' RM 


8.06 • 

r 


10.06 


10.25. ft - ( 


10.59 


Pattern type 1 1 1 


P 
\ 








LN" MC//*V&4 


. ' - - 7.31 


. 9.87- ' ~ . 


10.00 


RM ' 




' . 6i75 


8.00 


11.00 


HN- MC 


6.56 


/ 

• 6.75^ . 


. tJ.37 


.8.06 


RM 


7.75 


' 9.31 


'9.87 


\0/32 













m Since type of patfern affected the results of both the reconstruction and the 
& recognition parts oF the study, scores for these two -parts were compared separately^lth 
tdsks representing the two types of patterns, ond separately for th^two levels of novel^ . 
. friatprtals* In all comparisons, the level scores in the recognition part of .the Study were 
" h?jjher than in the reconstruction parf/qf the studyT Thus, wheh the variable of the J s 
novelty of materials was equated, recognition was shown to be easier than reconstruction . 
\^Jhe results ere shown In Table 6. In addition, a significant grade effect was obtained for 
'subjects given pattern type II tasks with LN materials, slnc£ grade 3 sbkjects were fouhd 
„ \o do particularly poorly in the reconstruction part of the study with LN materials. 



Discussion 



The findfryg that subjects could reconstruct sequential pattern^ uftng different 
materials. as well as tojrecognjy^ those patterns when represented thtough different ma^eriaf; 



Strongly supports the contention that children ere inducing the rules for 'these .patterns 
and are working with those rules In performing, these tasks. The presence of grade 
differences In the Expected direction on all three parts of the. study further supports the 
contention that children's understanding of sequential patterns/fs tapped in continuation, 
-^^construction, and recognition . « - % , " ^ 



Since novel materials were Involved, reconstructions and recognitions were at 
\a lower level than continuations. However, tt was interesting find that LN materials,- 
rather than being easl'er, were more difficult for grade 3 .subjects, particularly In the 
reconstruction part of the study. The experimenters observed that grade 3 children often 
tried to matchjhe pieces in the sequence ratheT than'to represent the pattern with LN 
ttjateriafs. Since it was impossible to make a direct copy, they tried-setting up-equi- 
vdlences (oranges red; a square - rectangle) and thus, multiplied the number of rules * 
they had to coordinate. The HN materials did not evoke ^'matching strategy and even' 
the v grade 3 subjects were able to use them ti> represent the pattern of a sequence. This 
suggests that younger subjects are able^to work with rules for sequential patterns, but that 
ihetr preferred strategies for copying the concrete, exemplification of a.-pattern somettrres 
Interfere witJi manifestation of their understanding, This finding \may Ijave Important 
Implications for assessment of gerteralization of a learned concept,, V 



0 



I 



The finding that performance in the recognition part of the study ^y/a? superior to 
hhat In the reconstruction pa?t supports the conclusion of Study V that a higher level of 
understanding can be demonstrated in situations where there a-e contexfuaPsuppd$!ft for it. 
This finding fits In with the literature concerning many areas of cognitive functiontng'which 
shows better passive tjicn active use of knowledge/ ' 

The effect of tij/two modeling conditions was in the exgecteci direction, btf'the 
influence of the observation of the model was modified by several other varies . This 
finding fits with the results from previous studies showing tjiat the effect of highlighting 
.the rules govern ing^a pattern U {mre clearly seen when contrasted to a no model condition 
rather fian to o model condition in which ruJe demonstration is .minimal* Jf a no model " / 
bondttlon had b^en included in tjiis study, interpretation *of the findings rega-ding modeffng 
would be easier. It seemsjhat qbsfetvation of the 1 process of constructing the stem piece by 
0|ece may sufficiently pa-se the 'stem to help somi .subjects Induce His 'rules of the pattern* 
Moreover, the effect of other vocables or) modeling suggests thbt modeling T* best viewed 
an one variable that Influence* the performance ^n .such idsksjhrough facilitating the in- * - 
d action of the rules gbverning a pattern . Ths type of patternused and the chltdjs level 
o.f development al<# affect the ability to induce rules for sequential patterns, ^ 1 

Bfejides rule induction, the performance on tasks of this nature seems to be affected 
by the. subject's ability* to represent those rules and then to apply them in actual performance^ 
Consequently, ths typfof material and The nature of the task (continuation vs. recognition) 
also affect 'performance. The complexity of interactions found , in thi$ study reflects the 
many Variables that contribute to cognitive activity and influence the aotuai performance 
obseW$d. , - - ^ 
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Concluding Remarks 

Ssyeral common themes run through the findings from the seven studies which 
constitute tht* Investigation. .The specific findings from each individual stpcl^lKave been 
already presented ancTdiscussed within th enframe wo*k of that study. . Hits section, 
the common themes wiN be highlighted and their implications wilt be discussed in the * * 
broader context of the role of observation of models in cognitive functioning. » 

o * There- have been relatively few studies cohcerned with the differential effects 
of modeltng on children differing in age, despite the fact that this question is freqjentfy 
raised' In reviews of the literature (e.g., Hartup ond Codtes,. 1970). As pointed out in the \ > * 
Introduction to this report, one reason for this may be the assumption of social learning theorists 
that the tendency to imitate does not undergo development and only varieswith aspects of the ■ * 
situation, characteristics of the model, and so forth. From the^cogriitive perspective, Piaget 
(1951) has conceptualized imitaWon as the accommodative pole of cognitive functioning, ** 

'^suggesting that occurrence of imitation is rela'ed to engagement of thte acco/nmodatory 
process. The Piagetian conception implies that .overt Imitation wil4 be tfje product of the 
requirements of the situation and the cognitive level of the observer, both difficult to assess/ 

.since the bnderstandthg r^f the requirements of a situation also depends an the coyiitive 
level of f!he observer, ttside from imitation In the period of infancy, "Piaget has made few-' - 
statements with respect to imitation, except^ to say that as assimilation and accomo'datlon. 
become i#6re equilibrated vyith development, and' as symbolic operations replace. overt * ' 

. actlohSjj the incidence of o^rt imitation declines. . " ' 

The findirtgs from the present investigation may be viewed as consonant with the 
j^jagstian conception of imitation. At lea*t within the age range studied (elementary school 

, years), theft was liftle evidence of changes in the tendency to imitate a mode[ with age, 
.whfchjls not ta say that there were no differences in th^ effect of a specific model $t different 

^ ages. The above statement requires elaboration. .At first glance, the findings regarding 
tmitatto.il of task irrelevant behaviors of'the modef\ay seem to contradict these stateme 
Studies I and IN obtained some evidence for a decline in the ' Imitation of taskUfreJe^arn 
behaviors of the model with age. However, the age trend was notsignificentwfthin the i 
purest modeling condition (MD) of Study (, and the reduction" in such imitaMon was^clea^ 
only at grade 8 in Study III,, an age by which the children m that v study could^caccy out the 
tasks used quite competently even without' exposure Jp the model. T t he findings rega'dlng f 
ImttaMoh of Task-irrelevant behavio*s may be interpreted as reflecting -the chtld^s under- * * 
standing of the task,* once the task is fully under^toad'and can be carried out competently, 
the Irrelevance of some of the model's actions is.also appreciated and dispensed with. The 
polrlt has been ^petfifi call y demonstra^d-'in a different study (Sibulkin and Uzgiris, in p*ess)« 

for^task relevanf actions, modeling effects were obtained at some gges/'but not* 
others. Invo-lably, the effects were strengest at a niddle rang^ of age*/ far dlildrerf who 
njicjht be thought tojiave some g~aip of the requirements of the task, yeTfi .be unable to 
perform It competently on thelro^n . ThJs, the effect of modeling ma/ be.said to depend 

- on the relation .between the requirements of the task and the child's capacity to peform \K 
In Study 1/ in whtqh a more difficult task was used,, the effects of observing the model were 

^evident at cfll age levels, althdugh they were lessivident at gracfe 6'than at g-ade K. V 
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In Studies 111 and IV/ In which easier tajks were empto/ed, there wen no evidence for 
modeling effects at graded, in -contrast to grades 5, 3, or 2« However, grade 8 subjects^ 
'performed the tq?ks competently even without exposure to a TtodeL It is crgued here that 
modeling effects wojld be obtained for older subjects (e'.g. grade 8) and not for younger 

• ones If the difficulty of the tenks would be increased ♦ Similarly, it is a^gjed that grad§ 1 

• subjects did not show a modeling effect, because for tlnem, th* tasks were kird. The f 
findings frorp this investigation a e consistent with this interpretation, but they a-e.not con- 
clusive.' It would be posslble^to make a stronger case for this position If subjects had b^en 
presented v/Hh a series of tasks greeted in difficulty aryd modeling effects* had been consistently 
found for t'he,(a$ks of medium difficulty at each age level. Such a study wa> not conducted , 
within the present investigation . Nevertheless, an fhe basis bf the fesults obtained/ ft is 
suggested that' the question of age changes in responsiveness to models ma/ be mpre, profitably 
rephrased as one concerning th£ relationship between the subject's cognitive level and rhe ^ 
subject's understanding of the task a* well as of the, model's behavior * - 

The approach adopted in this investigation of looking at the effects of tr>p model s 
actions on tfie observer's approach to a task rather 'than just on the final product of solution 
Is considered worthwhile, but was found to be difficult to implement. More research is 
needed to delineate those chaacteristics of a'ctions^bat meaningfully reflect their organi- 
zation*. Nevertheless, results of the* present investigation suggest that observation of a ijodel 
' pan affect noLanly*the frequency pf discrete behaviors (as in studierby Bandura and co- 

• workers)or the adaption pf o single rule Las in the resecrcKby Zimmerman and Rosenthal), 
but also the very organization of anions directed toward a.p'articula- goal* Althpugh much-- 
more research is needed \o delinepte the most Important features of sequentially-organized ^ 
actions^ the present Investigation indicates that modeling -nay ihfluence the organization 

of such a:ti6ns/and that it is feasible tq> study the effects of modeling on it* * * 

An attempt was made in \V&fy IV to .relate directly children's cognitive lev^l .to 
Responsiveness to modeling* FaUu e ta o.btain such a relationship in*>hat^tudy Is no> 
sufficient to invalidate the conceptian of imitation presented h^re* The specific reasons 
for the failure to obtain th& expected results we&e presented in jhe d-iscussian of that study, 
More generally / hov/ever, that stJdy points up trie difficulty of obtaining an independent 
assessment for the child'* understanding of a tqsk in order to make a prediction abojt the 
effects of ^bserVing a model. If seems that task-specific and situot«#i-specific variables 
mod|fy v cb x gnltive functioning sufficiently to doom the se'arch for 'relations across contexts 
■ and tasks, oHea'st at the period. of concrete operational reasoning. With more capful 

attention* to 5^ch specific fbctors, it ma/ bb possible to make^some progress on thisjssue. „ m 
As Toussaint's^(l974) study demonstrated, with equalization of^task-srjecificv^fables, 
better, concordance may be obtained for performance on several logical ppefolems* Assess- 
ment of a subject's cognitive level jn relation to his triderstandirui of^efcomplex task and 



t of a rnodePs performence of thgt task ma/ have to be carried out with a va-iety of con- 
tpxtum variable^ equalized in order to ndeq ja*efy. assess tjje proposed >eJ,atiortship^ 



In several studies within this investigation, an attempt vyas made to have' the 
subjects fconvey their understanding of the task and their approach tfa it to the experimenter 
Verbally after completing their part in the stud/*. -T,h ; $. approach we: found tc be'bsnerc 1 !/^ 
unproductive* The children studied were usually unable ta verbalize much eltlyarf about 



the model's actions a; their awn. If a product was present during questioning (Studies 
I and II), the subjects appeared to'bttemp* ta derive a description af fhelr awn actions 
from the product Independent af their previous beha/ior; Since reflection an one's awn 
actions Is a higher-level cognitive task then performance at such actions (requiring 
representation af one's actions) these observations need nat be surprising; They are 
' reported here ta Indicate that assessment af the subject's understanding dFtfie modeling 
s!tuation«wIII also have to be conducted at the same leyel af representation a* required 
by task performance • % • * * -7 

Although accommodation ta the model's actions ma/ facilitate understanding, on 
the basis af the present research, modeling does nat stand out as a "unique mechanism far 

* producing change In another's actions. Since the present investigation was concerned with 
patterns gfjarganizatlpn found within acttaqf 'which a**e not captured In a single verbal cancep 
thfr model's behavior was arranged ta highlight the relevant rules thrajgh action rather than 
through verbalization* In this investigation, such nan-verbal demonstration af rules was nat 
directly contrasted with the statement af such rules verbally. Research concerned with cancef 
attainment has demonstrated that verbal rule statement may^be'as effective as modeling or 

*at feast that modeling with verbpl rule statement J-s mate effective than modeling alane 
(see Zimmermen and Rosenthal, 1974). Whether the same waild hold far concepts concerning 
the sequential organization of actions remains ta Be investigated. 

0 . " The realization that context or situational variables play a jiuch larger rale In 
intellectual functioning than cognitive theory was assumed ta Imply is strongly supported by 
the findings af this Investigation. Even without compering the restrictions on generalization 
arising from the cha-acteristfes af the subjects studied* almost every study described here * 
pra y id ed -evidence that any general descnption af children's understanding bf- certain organi- 
zational rules has ta be modified by specifying the assessment task, the made of testing * 
(recognition, construction), the amount af attraction required (LN and HN materials in 
Study VII); and so forth, Cor»aeq"jeni ly, It seems that better specification af how such V 
con*)ext or situational variables interact .with the utilization af a. particular cdjcyifttve 
aeration Is a necessary direction farjuture.resea-ch. Orientation tawa-d this view may have 
important implications for educaTianal p-actice as well, in that ft wauld sensitize all . 
per$6nnel to the fact that performance within ane context shojjdnat be generalized ho 

m prognosticate a child's performance in all other contexts* ^ ^ 5 „ * 

, Moreover, focusing in an the u'ilizatio-j aF cttgnitfye'functians within, specific 
contexts shajfd. lead to a nuch mare detailed analysis of>He cognitiye p-acesses and 
.operations engaged by specific tasks.. Wheth^r"ir\faj^r^ian theory 1*ums ajt to'be a Jieful 
source af concepts* far such detailed anal-yses^o^o^her theories ha/e.td be devised, never- 
theless, these kinds of analyses wauled ma^ffnp*ortant*<i.nd. useful contributions nat an^ly to* 
understanding of cognitive functioning^ also tath« educaManal* process . The p-esent 
investigation does na mare than suggest samfe af ISe specific p r ocesses (unii delineation; 
Identification af differences, ^^rdinatian af differences with constancies) that ma/'ha 
Involved in- conceptualizing patterns far generating seqjences fram'eiemehts; It daeS^ 

urrfter*? 



however, point up the need for research that would push sj^ph endea/or furf 
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Appendix- 
Table A: 1 - 



„ * Pieces Contained in Different Comportments, of the Supply Box in Study I » 



f ' "The supply box (30 in. *J2 in.) had 24 compartments arrandga irv 3 ro^s arid 

8 columns for the 4CX7 pieces*, • . > / , * * 



Column \ 3*cbmpartments each with yellow squares (20 in each) 

^ 

CoJumn, 2 1 1 compartment, red circles (10); 

* 1 compartment, red squares (10); 

. , * 1 compartment dark b|ue. ellipses, (10) 

Column 3 3 compartments oT "extraneous pieces (VO.in each) 

> • 

Column 4 * 1 comptorfment m^clium^lue ellipses (20)^ 

, * 1 compartment blue ellipses (20); \. 

1 compartment* light blue ellipses (20) 

Column* 5 '1 compartment red triangles (20); 

. i 1 compartment green tricrigles (20); „ - 
- 1 compartment red diamonds J[20) 



Column 6 



1 compartment dark blue tricngles (30) 

2 compartments red sticks (15 in each)^ 

1 compartment longest brown sticks (2^j); 
1 •compartment medium long brown sticks (J.0); 
jaftnlerjt medium brown sticks (10) 



Column 8 > 1 comparhr^t^ogg.brown sticks (20) * • 

; 2 compartments shorHtfQwn sticks (20 in each) 

o 
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, • '* Table.Ar A / \ > ■ r 

Model's iBehayior in Building thel)esign * * . 

At Sdppjy Table: , , ^ t 

\ 1 ; V *M usedjj cta^ajner* ' n 'which to place the pieces selected 

2. . M stood with the back to the-sampl ^design . 

~ ~ * " ' • * (' >^ 

3. M j>icked up pieces J?£ty£e in the following order: . * 

- % . a # - 6 yeliow squares- ; ' * 

> * " \ b #; < 3 pairs of biuealitfis'e; <ffrcr^ pair of.Ted didnlbnds. Verbalized 'Jwpjqf 

- ' *"\ ^hj^/jwajoj thesevAwhije picking -up ^he piece? ^ 

c. 2 red triangles, 2 greenrfriangles, end ,3 blue tricngles ^ • 

d. 3 red "sticks 1 *, 4 short b'rowfr Sticks", 4 lon'g biWn Sticks", and 2 
medium length brown "sticks". The, model picked\p a handful of the 
red "sticks", Wey^cw^hjm, dropped-the rest ii the bo* and kept"?-* 
tobe placed in the contdijner. While selecting thejbrown "sticks", the\r 
model verbalized "some oj^Jhese^and some of thesj.*." 

e. Ijred square, 1 red circle, and 1 dark blue_ellipse.^ _ 
At the Work Tdble: % '* ; \ ' : •/ * * 



1 . M placed; the container on the table beyond fhe wooden^bbard for the making of 

thedesf^i. ■ *y'-£* .4 • ' ' " ^ 

.?2. M started' Jo build jlie^design at the .center. • 
_ r r^- «— 

3. M proceeded to build the design^A* 1 ^ * m a non-linear progression . The units 

were built in the following order: . . ' 

* a. Unit 5: M pjaced the- center^ark**blue eijipse and then built outward 
• by picking up and placing tw&pij&cesjogether, one -on each side, until 
. the unit was'cqmplete. ' Wfirle^tacipg the pairs, lM v^rbalized>sthese_ 
two, and these two..." * . • 



b. *' After a brjpf "pause, M picked '^R^e^ntginer with the left hand, walked 
right and built^unit $, then, M Y/a%4*.|eft .and -bolit Vnit 1, then unit 3, 
placing the pieces in their proper lop^rtins* M*put the Container down on 
the table. Thus, M ^0£S£djcenter twiqfe. while. balding these units. 

c r - After a brief pause, M picked up al^pieces of ypif 2, walked to the left, 
and built Jhe unit two pieces at a Hrhe) i in order.- ( 

d. After a bnef^pause, M picked up the pfyces^for unit 7, and pufTftem down 
one qt a. time." The. second and the third sHcks were fjlaced at a slant,. 

" * then picked up, Lubbe^tgasther, and placed clown '^tyaight. The fourth 
piece-was then'added #; . ~*'J<\- ^ K /' 1 

• • 

e. After a pcft^e, M built* unit 6r M First jitaced the *jhree.re^J|s.Hd^j^tth 
jgace^ mj^^tween . Jheh th€ sppces were THJ^d in with 1. red trrangle,- 2 
green triangles, -and three blue trianghes.n " r< ' r ;* 
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f. 'After a pause, the„design was completed by building 
unit 4. . . v ■ , \ 

4. The container was" re^ujn^a^to^he^^E.'^'tSy?. 0 ^ 61 ' comple*' 00 of the 




design . 



* * 



- \ 



These behaviors were considered incidental to the tyilding of the cfesign and were 



scored as Imitations of M. 

\ 



< 



if: 




J 
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Jy •■•y: . . Table A: 3 



The Materials Used for the Twelve Tasks of Study IT 



Color Tasks* 



A. All pieces h \/i in. in size; /color varies betweenltriplets. The basic Shape . 
is square, but the shape of ther middle piece within each unit varies. I 

B. ; All pietes are square !rr shape; color varies betflteer^ triplets/ Basic size ofy % 
<t ' / the pieces.?/ 1 1/2 in., but the last pi£ce bf,th# triplet ^is larger in ,eack 

successive triplet, increasing by 1/2 in. from 1 f/2,Tn. in the fireHriplet 
to 2 1/2 ?n. <n the third. < * ' 

f 0. All pieces 3 1/2 in. in -size* end all are squares^ color alternates between triple^. 

D. All pieces are square in shape;, cofot-vjries between triplets; Eacf^piece in the 
tr iplet varies in size by 1 in . from the others 'in either increasing or decreasing 
order. - . • > , 4 

Form Task s • ' . 0 * * ' * * • • 

* A. All pieces 11/2 in. in size; shape vcjries betvteen triplets.' The basic -color 
is>yellow, bur the last piece in each, triplet varies in color. i " ' • 

B. *2-<rj*eH*piece$ are red in' color; shape varies between triplets. The basic size of • 

the pieces is 1 1/2 in*,, but the middle. piece increases in size by 1/2 in. 'from . 
* * 1 in. in the firit tripbt tb-2 in. in the third. ) . ^ 

^ • , . • ' .. - 4 

C. All pieces are yellow and all are 1 1/2 in. in size. Shape alternates between^ 

triplets. ' • • ' ; ' :: • • T 

D. All pieces are T 1/2 in. in size; shape varies 'between triplets. Three different 
^ colors rotate among the three pieces in successive triplets. , 

Size^Tasks* , ' ^ . ♦ 



B. 



A. All pieces are squares; size incases between triplets by 1/2 in., with all 

pieces in^the first triplet 1 in. in size. The basic color of the pieces is yellow,, 
but the last piece in each triplet varies in coJol". * 

AIT pieces are squares;, size increases between triplets by*1/2 in., witfr afl 
pieces in the first triplet 1 in", in sizp. The biisic iolor of >he pieces is blue*, 
„but the shade of the middle piece dpcrecfces in Intensity, sta/ting from being 
- identical to that of the other pieces and going to much Ifghter in the^third 

. triplet. , u m ^ * if* 

C. All pieces are squares end all are blue. The size of~the pieces alternates • 
between 4 inland 2 1/2 in^for^be triplets . ^ 

D. All pieces are squares; size increases between triplets by 1/2 in., with all. 
pieces in the first triplet 1 in. in size. Three different colors rotate/among the 

Jhe^hree pieces in successive triple^. ^ ^ " * v ' 



